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the ground that "it is not clear from the specification to what characteristics of an animal this 
phrase refers, nor is it clear how one would judge such a characteristic," 

It is respect&lly submitted that the term carcass quality is well-known to those of 
ordinary skill in the ait. The Examiner's attention is kindly invited to US Patent No. 
6.248.939 Bl which issued to Leto et al. on June 19, 2001 (a copy of which is hereby included 
for thl Examiner's convenience). This reference accompanied the previously submitted 
Information Disclosure Statements. 

Attention is kindly invited to column 4 at lines 25-60 it is stated that to "have utility in 
animal feed ration as a means of improving carcass quality and subsequenUy improving the 
human diet, high oleic com must be capably of supplying enough oleic acid in the diet to raise 
the oleic acid level in the meat. . . ." In other words, carcass quality refers to the composition 
(proportions of lean, fat and bone) of the meat. Attention in further invited to Example 3 
which starts in column 16 at line 13. It is stated in column 16 at lines 17-20 that by "replacing 
some or aU of the supplemental animal fat in a feed ratio with the oU present in high oil, high 
oleic com, it will be possible to produce meat products having less saturated fats. . . ." 
Evaluation of carcass quality is described in column 17 at lines 33-36-. the "effect of the 
treatments on carcass quality can be evaluated by measuring average carcass weight, average 
back fat, average percent lean yield, and average actual yield " 

Accordingly, it is respectfully submitted that the term "carcass quality" is quite clear 
to one of ordinary skill in the art. 

With respect to the term "carcass quality improving amount", it is respectfully 
submitted that this term is quite clear to one of ordinary skill in the art as demonstrated by the 
above quote from the. '939 patent, column 4 at lines 25-60, wherein it is stated that to "have 
utiUty in animal feed ration as a means of improving carcass quality and subsequently 
improving the human diet, high oleic com must be capably of supplying enough oleic acid in 
the diet to raise the oleic acid level m the meat. . . ." Thus, one skilled in the art would be 
able to determine the appropriate amount without engaging in undue experimentation. It is 
respectfully submitted that the metes and bounds of the claim are clear. 

With respect to the language "feeding the animal", tWs is intended to be an active 
process step, 

The term "reverse complement" is what the Examiner refers to as a complement on 
page 4 of the Office Action. It is described in the specification on page 16 at lines 29-34 with 

respect to "antisense RNA", 

The term "shrunken 1 intron/exon" is described on page 16 at lines 3-7 at "a region of 
the shrunken 1 gene from com. The particular intron/exon used in the present invention is 
derived from a non-coding region ("exon 1/intron 1") of the shrunken 1 gene and is identical^ 
to the sequence in GenBank accession #C02382 from nucleotides 1138 through 2220. , . ." 
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(Emphasis added.) It is respectfully submitted that it is quite clear what region is referred to 
by the claim. 

The term "functionally equivalent subftagment" is referring to the nucleic acid 
fragment encoding a com delta-9 stearoyl ACP desaturase. 

The term "isolated nucleic acid fragment comprising a com oleosin promoter" is 
referring to the promoter whether it is full length or partial. 

Claims 172-174, sections (ii) and (iv), claim 175(b) and claim 176 have been rejected 
as being indefinite over the language "corn oleosin promoter hybridizes to the." 
It is respectfully submitted that when these sections are read, as a whole, it is clear that it is 
the isolated nucleic acid fragment (comprising the promoter sequence) vdiich hybridizes. 

Regarding claims 172 and 173, section (ii), (iii) and (iv), claim 175 and 176, it is 
respectfiilly submitted that these claims are clear with respect to what is operably linked to 
suitable regulatory sequences. It is stated on page 16 of the specification, starting at line 36 
through line 3 of page 17 that the terai "operably Unked" "refers to the association of nucleic 
acid sequences on a single nucleic acid fragment so that the function of one is affected by the 
other. For example, a promoter is operably linked with a coding sequence when it is capable 
of affecting the expression of that coding sequence, i.e., that the coding sequence is under the 
transcriptional control of the promoter. Coding sequences can be operably linked to 
regulatory sequences in sense or antisense orientation." 

Regarding claim 175, the phrase "the com grain" does not appear in line 2 of this 

claim. It simply says . .animal feed derived from the processing of com grain " 

However, tfie article "a" has been inserted before com grain to address this perceived 
problem. Claim 1 75 has also been amended to recite that the oil is comprised of not less than 
60% oleic acid of the total oil content of the seed. 

Claims 172-176 were rejected under 35 USC §1 12,^rst paragraph, as containing 
subject matter which was not described in the specification in such a way as to enable one 
skilled in the art to which it pertains, or with which it is most nearly connected, to make 
and/or use the invention. It is alleged on pages 5-6 of the Office that the "claims are broadly 
drawn in that they encompass methods for improving the carcass quality of any animal, and 
diey do not specifically indicate the amount of feed necessary to effect the goal of improving 
carcass quality. Further, as discussed above, neither the claims nor the specification offer 
guidance as to who to measure carcass quality or what aspect of carcass quality would be 
improved by the consumption of the animal feed derived from the plants described in the 
claims. . ." 

Carcass quality refers to the factors that influence the processing capabilities of both 
the lean and fat tissues, as well as the consumer acceptability and palatability of both fresh 
and processed meat products (AMSA (1971) "Meat Evaluation Handbook" American Meat 
Science Association Savoy, IL). Quality can be quantified using a series of laboratory 
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measures to evaluate weight, purge (amount of free liquid in retail packaging), appearance, 
water holding capacity, light reflectance, color, pH, moisture, fat, protein, cooking loss, 
instrumental tenderness; as well as sensory characteristics such as juiciness, tenderness, 
chewiness, meat flavor, off flavor and shelf life (Prusa and Fedler (1996) Proceedings: Roche 
Ammal Nutrition and Health Veterinary Education Seminar; Meat and Livestock Commission 
(1996) "Blueprint for Quality British Pork", Meat Technology Transfer Group, Milton 
Keynes, UK). Carcass quaUty can also be defined in terms of the quantity and quality of 
specific carcass components, physical and moiphological attributes, biochemical properties, 
microbiological and hygienic state and human nutritive properties. For example, Wood 
(Wood et al. (1984) "Fat in Animal Nutrition" pp 407 (Wiseman Ed) Butterwoiths, London) 
describes the important influence of the quantity and quality of carcass fat on firmness, 
appearance and flavor of meat from cattle, sheep and pigs; while Moran (Moran (1996; Anim 
Feed Sci Tech 58:91-99) describes opportunities to alter specific meat attributes to enhance 
the human health aspects of meat 

In addition the Examiner's attention is kindly invited US 6,248,939 Bl which is 
discussed above. Example 3 which is set forth in columns 16 and 17 discusses the use of high 
oil, high oleic com in animal feed ration as a means of improving quality meat. It is stated m 
column 17 at lines 34-36 that the "effect of the treatments on carcass quality can be evaluated 
by measuring average carcass weight, average back fat, average percent lean yield and 
average actual yield." Thus, one of ordinary skill in the art would know how to 
measure/assess carcass quality. Such knowledge existed prior to the filing date of the instant 
application. Detemiination of the amount of feed can readUy be assessed by one skilled in the 
art without engaging in undue experimentation. 

The law is well settled that the specification need not teach or disclose in detail that 
which is well known in the art. Oenentech, Inc. v. Novo Noi;disk A/S, 42 USPQ2dl00l. , 
1005 ( Fed. Cir.I997); In re Meyers, 162 USPQ 668 (CCPA 1969). 

The references cited on page 6 of the Office Action seem to be inapposite in that they 
concern replacing maize with barley. The instant invention concerns replacing standard maize 
with com grain obtained from a com plant or plant part comprising any of the chimeric genes 
recited in the claims. Thus, the present invention concerns altering oil profile in com using 
chimeric genes comprising nucleic acid fragments described in the application and suitable 
regulatory sequences to create transgenic com plants having altered lipid profiles and this 
altered com can then be used as an animal feed ration to improve carcass quality. 

Applicant respectfully submits that in view of the above discussion and reference, 
undue experimentation would not be required to practice the claimed invention. 

It is alleged on page 8 of the Office Action that the "specification teaches plants in 
which sense and anti-sense nucleic acids encoding com delta-9 stearoyl ACF desaturase are 
introduced into plants, and in both instances the resulting plant displayed high saturate fatty 
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acid composition. The mechanism by which this occurs is unclear, and therefore, it is not 
possible to predict the effect that adding other nucleic acids to the plants would have on the 
plant. ... Due to the lack of guidance in the specification, the high level of unpredictabiUty 
with regard to which nucleic acids would be useful for producing such plants, undue 
experimentation would be required to produce animal feed fiom plants as broadly claimed." 

The law is well settled that it is not a requirement of patentability that an inventor 
correctly set forth, or even know, how or why the invention works. See, Newman v. Quigg, 
11 USPQ2d 1340, 1345 (Fed. Cir. 1989). 

The Examiner's attention is Idndly invited to Example 8 in the specification which 
describes (1) transgenic com with high saturate fatty acid composition in the grain, (2) 
transgenic com with a high oleic acid content in the grain and (3) transgenic com with high 
levels of saturated and oleic acid in kernels. The specification and examples show one of 
ordinary skill in the art how the practice the claimed invention. 

Claims 1 72-176 were rejected under 35 USC § 1 12, first paragraph, as containing 
subject matter which was not described in the specification in such a way as to reasonably 
convey to one skilled in the relevant art that the inventor at the time the appUcation was filed, 
has possession of the claimed invention. 

The term "functionally equivalent subfragment" is described in the specification on 
page 1 3 at lines 29-37 and page 14 discusses the % identity language. Thus, contrary to the 
allegation on page 1 0 of the Office, it is respectfully submitted that there is written 
description in the specification for the foregoing language. 

In addition, the examples clearly demonstrate conception of the invention. There is no 
magical relationship' between the number of representative examples and the breadth of the 
claims. The number and variety of examples are irrelevant if the disclosure is "enabling" and 
sets forth the "best mode contemplated." In re Borkowski, 164 USPQ 642 (CCPA 1970). 

It is contended on page 1 0 of the Office Action that , . the mechanism by which the 
introduced nucleic acids act in plants is unkown, and therefore 'the fimction' of the nucleic 
acids in the plants is unknown." As was indicated above, and is reiterated here, the law is 
well settled that it is not a requirement of patentability that an inventor correctly set forth, or 
even know, how or why the invention works. See, Newman v. Quigg, 1 1 USPQ2d 1340, 

1345 (Fed. Cir, 1989). 

Accordingly, in view of the above discussion, withdrawal of the rejection of the claims 
under 35 USC §112, first and second paragraphs, is respectfiilly requested. 

A petition for a three (3) month extension of time accompanies this response along 
with the Version with Markings To Show Changes Made and copies of any references noted 
in the response. 

It is respectfiilly submitted that the claims are now in form for allowance which 
allowance is respectfiilly requested. 
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Please charge any fees associated with the filing of this response to Deposit Account 
No, 04-1928 (E, I. du Pont de Nemours and Company). If the fee is insufficient or incorrect, 
please charge or credit the balance to the above-identified deposit account. 

Respectfully submitted, 

LWNE M. CHRISTENBURY ' 
ATTORNEY FOR APPLICANT 
REGISTRATION NO. 30,971 
TELEPHONE; 302-992-5481 
FACSIMILE: 302-892-1026 



Dated: 
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VERSION WITH MARKINOS TO SHOW CHANGES MADE 
In showing the changes, deleted material is shown Bracketed, and inserted material is 
shown as underlined. 

In the Abstract 

Kindly delete the Title and Abstract appearing on page 61 in then: entirety and replace 
it with the following: 

- TITLE 

A METHOD FOR IMPROVING THE CARCASS QUALITY OF AN ANIMAL 

ABSTRACT 

A method for improving the carcass quality of an animal is described. This method 
involves the preparation and use of nucleic acid fragments comprising all or substantially all 
of a com oleosin promoter, a stearoyl-ACP desaturase and a delta-12 desaturase which can be 
used individually or m combination to modify the lipid profile of com are described. 
Chimeric genes incorporating such nucleic acid fragments and suitable regulatory sequences 
can be used to create transgenic com plants having altered lipid profiles are also described. -. 

In the Specification 
Page J, lines 1 and 2, delete "TITLE GENES FOR DESATURASES TO 
ALTER LIPID PROFILES IN CORN" and replace it with the following: 

- -TITLE 

A METHOD FOR IMPROVING THE CARCASS QUALITY OF AN ANIMAL-. 
Page 14, lines 9-36 has been amended as follows: 

-Moreover, the skilled artisan recognizes that substantially similar nucleic acid 
sequences encompassed by this invention are also defined by their ability to hybridize, under 
moderately stringent conditions (for example, 0-5 X SSC, 0.1% SDS, 60° C) with the 
sequences exemplified herein, or to any portion of the nucleotide sequences reported herein 
and which are functionally equivalent to the promoter of the invention. Preferred 
substantially similar nucleic acid sequences encompassed by this invention are those 
sequences that are 80% identical to the nucleic acid fi-agments reported herein or which are 
80% identical to any portion of the nucleotide sequences reported herein. More preferred are 
nucleic acid fragments which are 90% identical to the nucleic acid sequences reported herein, 
or which are 90% identical to any portion of the nucleotide sequences reported herein. Most 
preferred are nucleic acid fragments which are 95% identical to the nucleic acid sequences 
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reported herein, or which are 95% identical to any portion of the nucleotide sequences 
reported herein. Sequence alignments and percent similarity calculations may be determined 
using the Megalign program of the LASARGENE bioinfoimatics computing suite 
(DNASTAR Inc., Madison, WI). Multiple alignment of the sequences are perfonned using 
the Clustal method of aUgnmem (Higgins and Shaip (1989) CABIOS. 5:151-153) with the 
default parameters (GAP PENALTY=10, GAP LENGTH PENALTY=10). Default 
parameters for pairwise alignments and calculation of percent identiy of protein sequences 
using the Clustal method are KTUPLE=1, GAP PENALTY-3. WIND0W=5 and 
DIAGONALS SAVED=5. For nucleic acids these parameters are GAP PENALTY=10, GAP 
LENGTH PENALTY=10, KTUPLE=2, GAP PENALTY=5, WIND0W=4 and 
DIAGONALS SAVED=4. A "substantial portion" of an amino acid or nucleotide sequence 
comprises enough of the amino acid sequence of a polypeptide or the nucleotide sequence of 
a gene to afford putative identification of that polypeptide or gene, either by manual 
evaluation of the sequence by one skilled in the art, or by computer-automated sequence 
comparison and identification using algorithms such as BLAST (Altschul, S. F., et al., (1993; 
J. MoL Biol 2 75:403-410) and Gapped Blast (Altschul, S. F. et al., (1997) UucUic Acids Res. 
25:33 89-3402)[; see also www.ncbi.nlm.nih.gov/BLAST/)]- 

In the Claims 

175. (once amended) A method of improving the carcass quality of an animal by 
feeding the animal a carcass quality improving amount of animal feed derived firom the 
processing of a com grain obtained ftom a com plant or plant part which comprises a chimeric 
gene comprising (a) an isolated nucleic acid fragment encoding a com delta-12 desaturasc 
wherein said fragment has a nucleic acid sequence identity of at least 80% based on the 
Clustal method of alignment when compared to a nucleic acid as set forth in SEQ ID NOS: 1, 
58 or 59, or a fimctionally equivalent subfragment thereof, or the reverse complement of 
either the fragment or subfragment, (b) an isolated nucleic acid fragment comprising a com 
oleosin promoter wherein said promoter can be Ml length or partial and said promoter: (1) 
comprises a nucleotide sequence having a sequence identity of at least 80% based on the 
Clustal method of alignment when compared to the nucleotide sequence in any of SEQ ID 
NOS: 19 or 38-49 or (2) the isolated nucleic acid fragment comprising a ftdl length or partial 
corn oleosin promoter hybridizes to the nucleotide sequence set forth in SEQ ID NOS: 19 or 
38-49 under moderately stringent conditions, operably linked to suitable regulatory sequences, 
and (c) a shrunken 1 intron/exon, operably linked to suitable regulatory sequences; 

wherein expresssion of the chimeric gene results in an altered com oleic acid 
phenotype, and 
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further wherein the com grain has an oil content in the range from about 6% to about 
10% on a dry matter basis and further wherein said oil is comprised of not less than [about] 
60% oleic acid of the total oil content of the seed. 
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1 2 

rnPN mjVfaT<!A?*m PRODUCTS MTH complexly hydrO$enaied or an? cguverKd from the cis 

™p^ED O^COMTOSm^ oonfiffuralion to ihe ir^ oonfiguraiiPD- Cis double bonds 

IMPROVED OIL UOMWMiiuw ^^^^^ ^^^^ ^^.^ molecule lo bead, wbich iropairs crystal^ 

^. , - • fTiox/ncQc/mm^-.fiU/i P^h lizaUoii and kteps ibc oiUiquid ai room tcropcraturc. Dunnfi 

TTib,pplicaixoiiisa37lofPCT/US95/^^^^^ hydrogcoation, cis bonds arc slraighicncd inio rhc (rans 

15, 1995. whicb is a Connijuauop-m-part of Scr, No. (m96^ S lH^^^^^ ^^^^^^ ^ard^ room temperature. 

6n filed Fftb. 15, 1994 now abandoned. ^^^^^ ^^^^^^ ^^^^ ^.^^^ f,„y ^^j^j^ 

FIELD OF THE INVENTION cholesterol levels show thai the irans isomer of oleic add 

raises blood cholesterol level at least as much as samraled 

This invcnlioo relates lo com (Zea mays L) seed and ^^^^^ ^^-^^ which have been know for some time lo raise 

^ain having a significantly higher oleic acid coDient by cholesterol it? humans; Mensiok, R- P- and B. K. Katan, N. 

virtue of Leriiabls genes for increased oil and oleic acid g^^gj j_ j^j^^j^ ^999^ 323:439-45. Furthermore, the studies 

content and/or lowered levels of liooleic acid. The present ^^^^ ^he undesirable low density lipoprotein level 

idvenlioQ also rclslcs lo the production of high oil, high oleic increases and the desirable high density lipoproieiu level 

grain, plaois and plant parts grown from such i>rain and uses decreases ia response to diets high in irans ft tly acids. Large 

of such improved grain. amounts of trans fatty acids arc found in margarines, 

xcruMTrAr nArvrtUOUND of the shortenings, and oils used for frying; ibc most abtmdam 

TECHNICAL BiJ^R^^ OF THE ^^^^^ ^ ^ ^ ^^^^ ^j^j^. 

IN viiiN iiuiN ^^^^ .^.^ ^^^^ ^ natural high oleic com oil, which does 

Corn oil is comprised primarily of even-numbered carbon not contain tlaidlc acid, will benefiL consumers in general, 

chain fatty acids. The distribution of fatly acids in typical qq^j will particularly benefit those pcgple who control ihcir 

corn oil is approximately 12% palmitic acid (16:0), 2% cholesterol level ihrough their diet. 

5tearicaci<i(lS:0), 25% oleic acid (18:1), 60% lifloleic acid human diet could also be improved by reducing 

(1S:2), and M linolenic acid (18:3). Palmitic and stearic j^mraicd fat intake. Much of ihc saturated fat in the human 

adds are referred to as saturated fatty acids because ibeir comes from meal products. Poultry and swine diets 

carbon chains contains only single bonds and the carboo " ^f^^^ contain animal fat, which is high in saturated fatty 

chain is "saUiraied" with hydrogen atoms. Oleic, linoleic, ^Qids^ as an energy source. Non rumixiam animals such as 

andlinolenicaddsooniainone,iwo» and three double bonds x\jc^ are very susceptible 10 tissue fatty acid alteration 

re&peciively, and are referred to as unsaturated fatty acids. Through dietary modification; M. F. Miller, ct al,, J. Anim. 

Fauy acids in corn oil nearly always occur csterified to the ^ ^990^ 68:1624-31. A large portion of animal feed 

hydroxyl groups of glycerol, thus forming triglycerides. rations is made up of corn, which typically contains only 

Approximately 99% of refined com oil is made up of ^(jg^t 4% By replacing some or all of the supplemental 

triglycerides; Com Oil, Com Refiners Association, Inc., animal fai in a feed ration with the oil present in hi^h oil com 

1001 Connecticut Ave., NW., Washington, DC 20036, 1986, varieties, Which contain up to 10% oQ, it will be possible to 

24 pp. 35 produce meat products having leas saturated fats. Feeding 

When exposed to air, uusaiuraied fatty acids arc subject to trials in which swine were fed diets high in oleic acid show 

oxidation which causes the oil to have a rancid odor. that the amount of oleic acid deposited in adipose tissue can 

Oxidation is accelerated by high temperatures, such as in be raised subsvanlially without adversely influencing the 

frying conditions. The rate of oxidation is proportional to the quality of ihe meat; M- F. Miller, ei al., supra; L- C, Si- John, 

number of doubl& bonds in the fatty acids. Thus, liooleic ei al., J. Anim. Sd„ 1987, ^:l441-4r The degree of 

acid with two double bonds is more unstable than oleic acid saturation of the fatly acids comprising an oil determines 

which has only one double bond. Oxidation reduces the shelf whether it is liquid or solid. In these studies^ the animal diets 

life of products containing com oil because of the oil's high tigh in oleic acid led to meal quality thai was acceptable to 

proportion of linoleic acid. Com oil and products containing tneai processing industry because of the low level of 

com oil are often packaged under nitrogen in special pack- ^5 polyunsaturated fatty acids- Therefore, it can^ be extended 

aging maierials aich as plastic or laminaicd foil, or are that a feed ration containing high oleic, high oil corn would 

stored under refrigeration to extend their shelf life. These be preferable to one containing high oil com which contains 

extra measures lo reduce oxidation and subsequent rancidity a high level of linoleic acid. Consumption of monounsat- 

add considerable cost to products coniaining com oil. uraied fatty acids decreases the LDL level without affecting 

Another measure to reduce the effects of oxidation on 50 the HDL level; Mattson, F, R.> and S- M- Grundy, J. lipid 

corn oil is to cbemicaUy hydrogenaie the oil. This coramer- Res., 1985, 26:194. The HDL portion is responsible for 

cially Important process by which hydrogen is added to removal of cholesterol from the body; L. C St. John, eupra. 

double bonds of unsaturated fatty acids changes the physical Processed meats produced from animals fed diets cooiaimng 

properties of the oU and extends the shelf life of products high oil, high oleic corn will be more healthful m ihe human 

containing com oil. HydrOgenaied vegetable oils arc used to S5 diet- 

make margarine, salad dressings, cooking oils, and The com kernel is a product of double fertilizationi 

shorieniDgls, for example. Approximately half a billion Kiesselbach, T A., 1980, The Stmciurc and Reproduction of 

pounds^ or roughly 40-50% of com oil produced in the U.S. Com, Universiiy of Nebraska Press- This means that both 

is used for cooking and for salad oils; Fitch, B., JAOCS, the diploid embryo (giving rise to ihe germ and seedling) 
1985, Vol. 62, no. 11, pp. 1524-31. Production of a more ^ and the trlploid endosperm (the nuuiiive structure surround- 

stable oil by genetic means would clearly have value by ing the genu) conudn gpnes transmitted from both the male 

rtdudag or eliminating the lime and input costs of chemical and female parents. Nonetheless, the genes affecting grain 

hydrogcnation. composition and quality are similar enough in most field 

In addition to the economic factors associated with chcmi- com inbreds that crossing any given female with a Urge 
cal hydrogcnation of com oil. there ait human health factois 65 variety of male plants docs not result m dramatic changes m 

that favor ibc production of a natural high oleic oiJ. During the compositional or quality cbaraaensncs of the resulting 

the hydtogenation process, double bonds in fatty acids arc seed or grain. Likewise, planting different field com hybnds 



Received from < > at 1/8102 3:02:00 PM [Eastern Standard Time] 



M 8.2002 2:59PM ^ ^ NO, 5251 P. 19/48 



US 6,248,939 Bl 

3 4 

vdthin pdlitwiing proximiiy to each olher wiU not, in most from 14 lo 64% in the plant imroduciions screened w|^^^^^ 

ewes, ^bsWDlially .irect the quaUiy of ihe grdn harvcsicd represented gcnnplasm riom over 50 fofesgn counincs 

oTM^ivDr 4 7 6- pijotimreducaoDS area valuable source of gcnctwdivBisuy 

a minority of ™n,mercial corn inbicds or &r many traits including oleic acid comeni How^r 

?^ve waxy s J or grain. If a non-w^xy p^.11^ grain (as W^BSested as a means ^' ^'''^^^^^^ 

found in most field corn inbreds and hybrid*) polliuales an ,o Von^^^^C.G., apd L F. Bauman. Crop 3=,-, WO 

He ^rae on a wa«y inbred or hybrid^ihe ^llimg kemel 10:338-41^ THis breeding me^od was »PP^f "^'^ 

will be non-waxy, even ihough adjacent kernel* on the ^n,e planl intr^ducnons and is the basts for a patent apphoauon 

poUinal^ ^ waxy pJUen, will ren.«n waicy. TOs for high oleic cora prcrfucis and methods for h« r P«<lu^ 

i«;^ia« effect of ,»Uen genotype on kemel characieris- Ken; PCT/US9 1/04626 To have commerc, J 'he 

^istcni^ed'-xenia^and the hybrid natuicofsuchkernels « value ofa irail. s«cb as h^h <M«c must be worto d^^^^ 

is tecoenlzable by particular phenotypic characteristics than the costs associated with Pr^^f^^- 

rcooT^bape.si«.c4owing.oa.ediriciinflueocecxcrted shipment of the grain A bushel of ^^^"^'^'^J 

by the gcMiipc of the polled; Rieger, R., A. Michaelis w>d weighs appicwmaiely 56 pounds. ™ yield approximately 

M M K 1968° A Glossary of Genetics and two pounds of oU when milled. Because of the small amount 

Cytogenetics. SFine«-VefUg, New York. This immediate ^ of oil normaUy found in corn, the added value of an 

eCrofpoUcngepoiypeonerainquaHlyhasbeenob^rved improved oU. such as high oleic .s unlikely to be 

wl^ S obiL«d fVom hV-ofl com plants; Alexander. ^ffidenl «> P»y the production and identity preservaoon 

D Wd R. J. Lambert, Relationship of Kerne! Oil «»ls. unless substantially greater oil is produced as m newly 

Contcnl to Yield in Maize Crop Science 8:272-27t. developed high oil corn vaneues 

Production of oleic acid in ccm is under genetic control, 2S To have ulilily w an anmial feed ratiwi as a means of 

alihougb the mode of inheritance is only partially under- improving carcass quality and subsequenUy improving the 

stood. OU production in the kernel occurs primaray in the human diet, high oleic com must be capable of wppIy^S 

fterm Fatty acid biosynthesis is regulated by a multi-step eoough oI«i<: »«d "> ihe diet to raise the oleic acid level in 

biochemical pathway whereby the saturated faiiy acids, the meat. Corn is included in aniniil feed as the msin source 

palmitic and stearic, aie synthesized and subsequently dehy- 30 of energy, the majonly of which comes from the high siMch 

drogenaied to oleic, linoleic, and linolenie adds; Upid contem Of corn and other sources of energy such as animal 

Mcwbolism,ln: Intiwluction to Plant Biochemistry, 2nd Ed,, &t, vegetable fat. or animal-vegetable fat blends are com- 

1983. Pctgamon Press, Goodwin aod Mercer, Eds., pp monly added to increase the energy deniiiiy of feed rations. 

273-327. Asinfile ceoc locus, designated h, was reported to For example, the amount of com od included m the wra 

be responsible for regulating the levels of oleic and linoleic 35 fraction of a typical commercial poultry feed ration is about 

acids in corn; Poneleft, C 0 . and D. E. Alexander. Science, 2.5% in a ration thai tontams 65-70% com. To mctcssc the 

1965. 147!l585-86. Subsequent studies show that the mode enefgy density of feed rations, highly saturated ammal fat or 

or inheritance of oleic add is more oomplicaled than first ammal-veeeiable fat blends are added at approximately 5 to 

thought. Ai least two loci have been shown to regulate the 8% of the diet. High oil com widi an enwgy conieot which 

oleic add level; dc la Roche et al. Crop Sci., 1971. 40 is signiftcaiiUy Mgber than that of normal mil cw r^ 

11:856-59. In a study involving eight diferent reciprocal totally eliminate the use of or need for added fat when used 

crosses and their parental inbred lines, it was concluded thai ma typical poultry ration. 

inheritance of increased oleic content in com can result from A typical chicten broiler com-soybean meal diet supple- 
dominant, paiiiaUy dominant, and even iccessive gene mented with an animal-vegcuble fat Wend contains approxi- 
action; Jelluro, M. D.. J.Hered. 1966, 57i243-44. Only one 45 mately 1.937% oleic acid, facreasing the oleic acid content 
report has been found in whidi the iohcritanoe of oleic add of the oil contained in com used in a feed raaon fiom the 
in a high oU com line, IHO, is discussed; de la Roche, et al„ 25% found in normal coin lO 60% (also m a normal or low 
supra. Tje report states that the quality of com oil increases oil variety) increases the oleic acid m ic »i>«n 
as the linoleic acid content increases. Hie data are presented 2.733%. Increasing the oleic and content &oro 25% us 60% 
in terms of the linoleic acid content, which for IHO is so of ibe oil present in high oil com grain that contains S-10% 
reported to be sppioximstely 47% of the oil fraction. From oil increases the oleic aad content o£ the feed ration to 
our studies of thousands of samples, ihere is an inveise 4.266%. These increases represent a 30% increase m oleic 
relationship between oleic add and linoleic add content. A add content when normal corn isused in the feed raaon, and 
line that is 47% linoleic acid would contain 35-40% oleic a 120% increase when high oil com varieties arc used. High 
add, which is substantially less than the oleic content in the 55 oil com can reduce or lotaUy eliminate the need for added fai 
prcseotinvcnlion, Ako, IHO is not an agronomically accept- when used in a typical poultry rauon, suggcstmg that modi- 
able line and would not be used in commercial production; ficalions to the fatty add profile of com oil need to be made 
Glover, D. V, and E. T Mertz, Com, In Nutritional Quality in a high oU com variety to have unluy in nnpiovme carcass 
of CerJal Grains: Genetic and Agronomic topiwement. quaUty. The high oleic corn lines desoibed m ifae aforemen- 
Agronomy Monograph no. 28, Copyright i987. ASA- <so tioned patent appHcaiiou are not high oil com hnes. 
CSSA-SSSA, 677 South Segoe Road, Madison, Wis. 53711, Most cereal crops are handled as oommodiues, and inany 
USA, Chapter 7, pp. 183-336; Fitch, B., JAOCS. 1985, \tl. of (he industrial and animal feed requirements for these 
62 no 11 pp 1524-31. crops can be met by common varieties which are widely 
A survey of plant iotroduaions for fatty add profile grown and produced in vohime. However, there exists at 
shows that greater genetic diversity exists in ootti of foreign <5 pmseoi a growing markei for crops with spsaU end-use 
origin thantxists in U.S. com; Jellum, M. D,. 1970, J. Agr. pwperiies which are not met by gram of sanded oompo- 
FoSd Chem, 18:3. pp. 365-70. Oldc acid content ranged sition. Most commonly, specialty maize is differenuaied 
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from "vormar maize, also known as field com, by aliered agronomically clilo hifth-yielding female parent, hav.ng 

endosperm propertiefi, such as an overall change in ihe bigh oleic charaaeristics, and optiOnaUy having lugb -oil 

degree of starch branching, as in waxy or high amylose charactecislics, with com plants of a high-;oil ^u<^ high oleic 

TnaiV-, an increased accumulation of ^mgars as in sweei coni; male pareni, opiionally having hi^-yieWing characicrisutf^s 
or an alteration in the degree of endosperm hardness as in 5 and/or agronomically elite characteristics. The grain may 

food grade maize or popcorn; Glover, D. V. and E. T. Mertz. be all harvested or fawvesied selectively, for example, 

19S7, Corn. In: Ntiiriiional Quality of Cereal Grains; 50 thai Jc^rnels produced by ihe female plants are haxvesied 

Genetic and Aeronoraic Inaprovemem, R.A, Olson and K-3. ^ gp^^jj. In ihe planting described, the preferred highnsil, 

Frey, eds, American Socieiy of Agronomy, Madison, Wis,, j^^g^ ^^^jj, j^^i^ parent plani, when self or sib pollinated, is 

pp. lS3-336;Rooney,L.W. andS. O.Scrn9-Saldivar,1987, capable of producing kcmelA having a total oil coniem 

Food Uses of Whole Corn and Dry-Milled Fractions, In: ranmng from 7.5% to 20% of the total seed weight, mca- 

Com:Chemistfy and Technology, S- A- Watsofl and P. E. ^^^^ percent moistvrc and an oleic acid content of 

Ramstead, eds- American Association of Cereal Chemi5i$, ^ ^^^^^ 55^^ content of the seed- 

Inc., St. Paul, Minn., pp. 399-429. Sp«;iall/ crops are .g^^^icaUy elite female parent, when self or sib 

typ,caUy grown under contract for specific end users who ^^ J^^ capableof producing kernels having a total oil 

place value on starch ^^^^^^ ^^^^^^^VS^r^/ i^^^^^^^ c^C o t^tee^ aboSl 2 perLi to about 15 percent, 

attributes. A snecialtv crop 5uch as waxy laaaizc is more wu^*^*- ^w** - ^ j • n 

Xbte as a ?aw m'atcrid 10 the .larch industry than is Pi^fcrably at least about 6% of ihe tota^ Z .x^le'!^^ 

nonnal or commodity grade mai2fi, and thus is icfcncd 10 as measured at rero percent moisture, where,n the oleic acid 

a value added crop. Currently the rqarkei size and added content is not less than about 55% oi the total oJ content, 
value of waxy maize is such thai approwmaiely 150,000 20 The grain produced has as oleic add conieni of about 4% 

acres are grown in the United Stales. Farmers are paid a to about 1% of the total seed weigh U 

piemiun) for growing specialty crops such as waxy maize xbe present jqvention further comprises a corn oil, pro- 

because it i& more valuable than normal maize and must not duced from the grain described above, which has 50% to 

be mixed with normal maize. Because of the desire of many 120% greater oxidative stability than thai of "normal" com 
humans 10 eat a healthier diet and the documented effects of 25 Qij vherc the oxidative stability is obtained without the 

oleic acid 00 reducing cholesterol, the pre^ni invention will addition of antioxidants. Such oil is useful in human and 

have greater vaUie than normal com. The current invention animal food, in coolcing, and in industrial applications, 

offers farmers the opportunity to grow a higher value crop uught herein is a method of developing corn vari- 

than normal maize . <.ties with altered levels of fatiy acid cwraposilions, including 
Oil is obtained from plants by a milling process. Com oil ^0 gj^ic icid, comprising treatment of seeds or pollen with a 

is extracted from kernels through the use of a either a wet or chemical mutagen to produce muianl planis. Mutagens 

dry milling process- Wet milling is a mulii-stcp process useful herein are selected from eihylmcthanesuIfoaai6 and 

involving Ateeping and grinding of the kcrael*i and scpara- nilrosomethylurea. AliiO taught is a com variety produced by 

tion of the surch, protein, oil, and fiber fractions. A review g^^jj method having total oleic acid content of not less than 
of the roai^ wet milling process is given by S- R- Ecjdioff ^5 ^^^^ ^5% of the total oil content of the seed> when 

in the Proceedings of the Fourth Corn Utilization measured at about zero percent moisture. 

Conference, Jun. 24-26, 1992, St, Louis, Mo., printed by the ^ further embodiment of the invention relates to the use 

National Corn Growers Association. QBA-GEIGY Seed ^^y^ j^-^j^ ^j^^ animal feed to improve 

Division and the United States Depanmeni of Agriculture* ^^^^ quality, panicularly in swine and poultry. 
Dry miUing is a process by which the germ and huU of the ^0 ^ ^^^^ invention further comprises mutant com lines 

corn kernel ar« separated from the endosperm by the con- e730L and AEC2720L lines which bear the ATCC acces- 

trolled addition of water to the grain and subsequent passage numbers 9702fi, 97027, from wtiich the high oleic 

through a degerming mill and a senes of rollers and sieves. ^j^^^^^^siics of the male and female plants that an: 

The U.S. dry milling industry produces appr05(jmaiely 50 ^ described above, are generated. The invention 

million pounds of crude corn Oil per year, and the wet 4S ^^^^^ ^-^^ oleic com variety resulting 

mining industry produces over one UlUou poiinds of crude ASKC2S X B730L, which bears the ATCC 

com oil; Filch 1985, supra- Tte present mvenuon offers the ^^.^^ ^^^^ ^^^^ ^^^^^^ deposited 

wei and dry milhngmdustries the OppOiTuniiy to process and ^^^^ accession numbers 97026 and 97207 were 

sell a higher value oil than normal com o»l. deposited under terms conforming to the Budapest Treaty on 

SUMMARY OF THE INVENTION Jan. 27, 1995. 



Applicants have discovered a corn plant capable of pro- DETAILED DESCRIPTION OF THE 

ducing grain having a ten fold increase in oleic acid content INVENTION 
over normal com by breeding a high oil com variety with a . . «ro^»ni* 

com variety that ^nic, a chemically mutated gene thai S5 The Presem mvenuon P'^« ;f P^*!"^ 
confers high oleic acid content. Specifically, a com plant has firam havwg a mean oleic acid content of abou ten pe^nt, 
b«n brcdlo produce grain having 17 «o 209& oil, with about or approximate y ten tunes the oleic acid comcm of noi> 
60% of the oil bcmg oleic acid. Plants of this type can be mal" com. A valuable propeny of this higher oleic acid type 
used to poUinate high yielding, commerciaUy acceptable of com is the increa^ied oxidative siabiUty of us oil. Use of 
St^ids Zi are male sieiile, which have high oleic acid ,0 erain. produced by these a>m planis, m feeding results 
p?oducingcharacieristics,thusprodudnggrainbavingafive in improved carcass quaUty of ammals. 
fold increase in oleic add content over normal com. By One method of enhancmg the oleic acid content of com 
using this meihod and poUinator plants of ihis type, the grain comprises a planting, as described m the Sumixiary ol 
timeline for commercial producUon of com having elevated the Invention, involving the steps of: 
oleic Icjvels is greatly accelerated. 65 (a) planting in close proximity, in a field: 

This invention consists of com grain produced by planting (1) 00m seed of a high-yielding, agronomically ehte 

in close proximity, preferably in a field, corn planlS of an variety 10 obtoin female (lc, male sterile) com 
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plimb which have i high oleic acid chatactenslics, "GraiD" comprises macwe com kernels produced by Mm- 

and wMch may or miy ool have an oil eontem mercial giowes for od W use or for sale lo cuswrow m 

gtealsr than ihai of aormal com; aqd both ewes for purposes olber ihan growing or reprodiicmg 

(2) com seed of bish-ciil, high oleic variety raale corn Uie species. Typical cusloineiS would incIiKle UvestocK 

pUni, which may or may noi have high yielding s feeders, wet or dry millers, or animal feed fonnulators. 

characteristics, and which further may or may not be The term "heterozygous" describes a genetic Kjndmon 

nonisogeoic to said feipale coro plants, so as lo existing when different alleles reside at corresponding loci 

produce high-oil, high oleic com p!at»ts capable of on homologous chnomosomes- A "high-oil com kerner i$ 

serving as poUinalore, one which comains elevated levete of oil on a peroeni dry 

(b) permitting said high-oil, high oleic com plaois lo 10 weight basis when compared 10 low^il cor^ kerncK A 
pollinate said female com plants; "high-oil com plant" is a plant which, when self polUna led. 

(c) harvesting the resulting com grain on s«id corn plants, will give rise to kernels conutmng 1*7^^^^ 
thereby oWaining a high yield of com grain possessing a percent dry we,ghi basis when compared lo a «>™ 
an KncemraL nit L than abouTTi* and oleic plant. The tenn "homozygo.^" de«^ibes a genetic «,Dd.non 
a^dcontentimermediatebe^^eeathatfoundinkcrueU « «^«»S «b=n idenUcal alkies r«.de«^^^^^ 
obtained following self-pollination of said pollinator on homologous chpomosoines. A hybrid wpresenis any 
tndTJd fanalc pllts. ofispring of a cross between two geneucaUy ^l>ke mdi- 

Tb facilitate cross poUioaiion, the plants to be veed as the viduals; Rieget A. Mi<±ael» and M. M Green, 1968, A 

femal™SEterii;iliLanbe acco-pUshed Glossary of Genetics and Cytogeaeucs. Springet-VerUg. 

^ph^cal removal of the male poUen-sbedding pan of the 20 New Yort An "inbred" is a subManuaUy homozygot^ plant 

Sl^i.'Ty Chemical treatment, or by a genetic mechanism or variety. Hie "kerDel" .s the com cwyopsis. cor^snng 0 

Lh U cytoplasmic male sterility. In maiic the male pan of a tnatorts embryo and endosperm which are Producte of 

S^pl^tisle ttssel which can be easily removed by hand double fenilization. A "low^.l corn kernel' coot^n. oil m 

^ m^iTe. Production of the present invention in maize the r^ige of about 2-5 to 5.1 percent °°»dry weight b««. 

requires planting male and female genotypes in adjacent 25 A "low^U corn plant" is one which, when self pd^^ 

roS^s in the field or, preferably, intermixed within the same will give rise to kernels contammg leve^of 0. hn the ^mge 

rows. Female planB arc rendered male Sierile. preferably of 2.5 lo 5.1 percent on a dry w^Ehi basB. TJiis 1^1 of oU 

through genetic means, and are poUinated by male plants, is typical of a wide range of field com inbrcds and hybnds. 

Grain is harvested frori female and male plants for subsc- The lenn "maize" represents any vaneiy, <™»tmr, ^r popu- 

Quenl oil extraction. «> l*"*" 0^ ""^^ "Male sterile- refers to plants wb><* 

It has also been observed that a gene altered through fail to produce functional poUen as a conseqtienoc of 

ohettocal mutagenesis can b« used to alter the oleic acid mechanical or hand deiassehng, inooiporauon of genenc 

level as it confers the same increase in oleic acid as a percent sterility, or by other mechanisms, 

of total oil in corn seeds that contain about 20% oil as in As ys=d herein "nonisogemc iS a state of Cenetic dis- 

seeds that contain only about 4% oil. « similaniy between individual '^^'^X^f 

Amajoradvaniage of oil obtained from grain produced in As used herein, "normal corn describes corn g»m m 

accordance with the present invention is that it possesses which the oleic acid conwnt of the oil ranges from 2^-M% 

gjeaier oxidative siability than nonnal com oil, without of the total faity acids and the oil content is 2.5 to 5.1 percent 

employing antioxidants. When used in food and frying on a dry weight basis. .„„ 

applicitions, oil obtained from the grain of the present « As used herein in describing oleic aeid content the ^rm 

ioveniion will have a longer sbclflife or fry life and wiU not "high oleic" refers to a grain or seed haying an olcc acid 

S;?rcidXs^quieklyasflormal^^ contcmofT,oi)c«sthaoabout50%ofth=LitaloUc^^^^^ 

presenlinvcntioncantcplacccbemicaUy hydfogenatcdoain the seed, by weight measured at 0% '^f^^ 

applications where oxidative stabiUiy is desired. THe "ovule" portion of the , » 

For purposes of this appUcalion. unless otheiwise noted. 4S of female lepioduciive tissue surrounded by maternal t«sue. 

the oXTtS^ntem or % oleic acid is the percent of the During the dcvelopmeijt of a 00m plant ^« Jinde wjl 

total fatty acids in the oil. which also includes, bnt is not eventually house a baploid egg nucleus and Wo haplO|d 

^ed to, p^tau^dc acid? stearic acid, linolci.; acid, and polar nuclei. FoUoujng fusion wiUi *Pf™_^^>« ^"^^ 

InT^eid of this disclosure, a number of terms shall 50 "i-rccnl (%) oil" is the ofl co'i«°«"^?- ^^uS 
be ut^cd relevant to plant breeding and oil characteriza- expressed on a dry ^''iS^' A'.^'"' ^^^Ss 
fcn As used herein, an "alkie" isont of two or more forms represents a colketion of seeds or plants of the same species 

of a Sn^t^^a^ « a chron,o«.n.e location. The tern, ^^/^^^'^'^^f^^.'^^^Z^^Z^oT^i^^^ 
"corn- refers to any variety, cultivar or populaUon of Zea region to another. A arge plant mtroduclton «lIea«n is 
,^j^?I.Te terms "cx,m.ie«ianyacceptabk" or "eUie" « 'i>»in'»i°'»' ^y ihe United Stales Deparraecl ^ 
rmc«rizc a plant or variety poking favorabk traits, Plant introduciioift can be tiscd by breeders ^ » °f 
^™{. « hui not limited to hkh yield, stpod grain quality. genetic variation, but are not elite and often require exten- 

:5^^,^'.^srmSi?Ki»^mL^ f^^-'^ir^vSSX""oS^n^ 

production of seed or crain at a profit. These terms also ducaon mto adapted varKUes. The pollen is a stiuctiire 

ch^cteriL pt^b E^v^K rise to such plants or varieties. « which ultimately contains the two haploid spcnn nuclei 

SS'^i^rs tf ^e ies or cul.iv^a« of com grown which fi«e with the egg nucleus and polar n«de. foimd m 

c«c^W if arup acreage for the production of grain the ovule to give nse to the embryo and endospenn of the 

SSi^ tefi^ dm in the doited States Is'also manire com kernel. A '^opu>auo«^ a generally b^o- 

referred to as dent com, whereas field com produced in geneous oolkcuon of plants Sharing a common S^tuc 

Et^Z^a^d^enrtna is .Lore likely to be referred to as flint « derivation. The ''t«ed" is the m.wre com kct^l prodm^ 

cotZrU "gSm" is the embryo of the com kernel and for the purpose of pfopagaiing die species 

^mains ihe vast mtyoriiy of the oQ found in the kernel. commercial growers A "synthetic" or "synthetu: popula- 
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don" is a genetically heterogcDcou* coUeciioa of plants of 
kpctwfl anc^iry created by ihe iniermatiog of any coroW- 
j}iLiion of inbreds, hybrids, varieties, populations, races, or 
other $ynihetics- Thu icrms "vadeiy" of "cultivar" refer to a 
group of simaar plauw ihai by strucmral features and 
porformance can be identified from oiber varieties wiihin ihc 
same species. 

Kernels from the plants of the present invcTiiion express 
a greaicr amount of oil and an improved oil ctimposiiion 



70, S-263 21, Hogacas Sweden; Williams, P- C, 19S7, 
Commercial Near Infrared Reflectance Instrumentation, In: 
Near Infrared Technology in the Agriculmral and Food 
Industries; Williams, P. C. and C. Ncrtis, eds. American 
Association of Cereal Chemists). A saniple of kernels from 
those ears that wcrt idenafied as bearing high oleic kernels 
by NIT were subjected to gas chromatography to further 
quantify their oleic acid content. Kernels froiw one ear 
svcraging two to throe limes the oleic acid content of normal 



commercial varieties. Ihc improvcmenls relate to lO corn following ga.s chromatcjgraphy were ^vcn the 'nbrcd 



relative to 

oxidative stability of the oil and to human health when the 
oil is used in food piqducis, including its use as a cooking 
oil. The fatty acid prx>£ile of oil exiracied from these varielies 
is dramatically different from the profiles seen in currently 
grown elite corn varieties. 

Applicants teach a method for producing che novel corn 
varieties of Ih© present invention and teach a method for 
producing high yielding elite varieties having substantial 
increases in oleic acid content 

EXAMPLES 

The present irtvenlion is further defined in Ihc following 
Examples. It will be vndeistood that these Examples, while 
indicating preferred embodiments of the invention, are given 
by way of iUuslralion only. The present invention can be 
used for any purpose where its properties are useful such as 
in, but not limited to, Cgod$, frying oils, animal feeds, 
pharmaceuticals, and industrial oils. In the below Examples, 
where oil percenis are expressed as perccnts of seed weight, 
zero percent moisture is presumed. Oleic acjd content in 
Tables 1-5 is expressed as a percent of the total oil content 
of the seed. The calculation of oleic acid content as a percent 
of seed weight is carried out by multiplying the percent oil 
by the percent oleic acid. 

Example 1 

Breeding Methodology for Production of High Oil, High 
Oleic Germplasm 
This example iUu.<*traiefi the creation of maize germpla.sm 



IS 



20 



25 



30 



35 



Une designation B730L. The inbred family ACE27.20L 
was similarly identified by analysis of kernels from original 
self pollinated ears of ACE272, although the NIT screen was 
omitted. 

To accurately detcrmmc the oleic acid content, oil was 
citlracted from 30 mg of ground corn using the following 
protocol: 

1. Finely ground com was placed in a 13x100 mm scjiew 
top mbc. 

2. 0.25 ml of a working solution of sodium raeihojode was 
added. The working solution contains 20 ml of a 25% 
sodium methoxidc added lo 200 ml of melhanoJ. 

3. 1-0 ml of hexanc was added. 

4. The sample was mixed on a rotary shaker for 30 
minutes. 

5. 0.1 ml of lO% acetic acid was added. 

6- The sample was vortexed* then centrifuged for 5 
minutes at 2500 RPM. 

7. Hcxane was removed and the sample was placed in a 
gas chromaiograph viaL 

8. Fatty acid composition of the samples was determined 
using a Hewleu-Packard Model 5890 ga* chromato- 
graph- 

At least 20 bulked kernels per F3 ear were used to 
determine oil and fatty acid composiiion. Oil produocti by 
certain plaois developed using this mutagenesis protocol 
contains approximately 60% oleic acid, or two to throe times 
oleic acid produced in the non-mutant versions of these two 



bavinc a ten fold increase in oleic acid content over normal genotypes- 
maize Mai2e plants capable of producing oil having nearly Genetics smdies wUh the high olejc B73 mui^i showed 
three times the oleic add content of normal maiza were ihat elevated oleic content in this Ime is conferred by a single 
produced using a pollen mutagenesis technique described by gene which displays additive iobentancc. Plants carrymg the 
M G Keuffer and E. H. Coc Jr., Maydica, 1978. 23:21-28. mtJtanl gene were cross pollinated wuh plants of the back- 
Two genotypes were mvtagcm^ed, and high oleic mutants 45 ground ASKC28, a high oil variety developed by the Um- 
were recovered in both. Maize plants of the background ver$ity of Illinois and licensed for commercial ^^»clu- 
B73 an inbred line developed at Iowa Slate University and sively by E. I. du Pont de Nemours and Company and Pfisicr 
available to the public, and AEC272, a high oil line devel- Hybrid Com Company ASKC2« is a populab^^^^^ com 
oned by the University of lUinois and Ucensed for commer- plants rangmg xn oil contem from 7-22% and averages 189& 
cial uL exclusively by E. I. du Pom de Nemoui^ apd so oil Average oleic add content as a percentage of the oU m 
Company and Pfistcr Hybrid Corn Company were ASKC28 cars is 43%» and no eaxs xn ihisj^pulatton 
mutasenized. Pollen was coUected from ficld-grown plants been found to be above 50% oJcic acid. Fl plante of lh« 
and sifted to remove anther,. Pollen was suspended and cross were self pollinated and F2 seeds were planted and the 
stirred constantly for 30 minutes in a solution of paraffin oil resulting plants were self pollmaied lo give a populaft^on of 
andelhylmeihaie sulfonate (EMS). Three conosniratioDSof 5s 956 F3 ears- Se«l oil «>^«^' ^^.^^^^^ 
EMS were used for B730L, 0.053%, 0.0625%, and 0.083^^. using a Tccator*™ Infratccb Model 1255 near mfrarcd spec- 
One concentration. 0.0625%, was used for AEC2720L.TTie trophoiomeier calibraled agai^i si^^^ 
treated pollen was then bashed onto silks using a smaU detcnnioations (I^^cator AB, Box 70 S-263 21, Hoganas 
DSiibimh Sweden; William^ R C, I9fi7, Commercial Near Infrared 

Seeds (kernels) that devetoped on ear^s pollinated with « Reflectance Insuumentatbn In: Near 

trel^^poUen wire subseque^y germinalcd and plants in the Agricultural and i,^^^^ 
were self pollinated. The seeds resulting from these plants 
were planted an additional time and self pollinated. Kernels 
were collected from individual self pollinated ears of B73 
and analysed using a Tecator^M Infratccb Model 1255 near 65 
infrared transmission (NIT) spectrophotomeier calibrated to 
detect kernels with clevaied oleic content (Tecator AB, Box 



C- Norris, eds. American Association of Cereal Chemists). 
For cahljration purposes, the total oil conoenirauoo of 
shelled kernels was determined gravimctricajly according to 
Method 920-39 of the Association of Official Analytical 
Chemists. Oleic acid content was determined by gas chro- 
maiography. 
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Of the 956 F3 ears, 49 had oil contents in ihc 15-20% 
raDgc, Of these 49 ears, 3 had oleic cements above 60%, and 
3 had oleic cooiexnis from 55-609^0 (Tabls 1), These oleic 
levels are higher lhan *iny ibat bave been seen in Ibc 
ASKC28 population, mid are ia ihe range of those seen in iht 
B73 EMS derived mutant. EAf oufflbcf 1125.04 had an oil 
conienl of 17.3% and an oleic acid comenl of S9S%, which 
represents approximaicly a )0 fold increase in Ihe lotal oleic 
add as a percentage of ihc seed compared to normal com. 

Plants wcrc grown from selection 1125.04 and were cross 
pollinated with another F3 selection of the same pedigree 
having an oil content of lS% and and oleic acid content of 
59%. Plants arising from this cross were scJf pollinated and 
ears were analyzed for oil a^d oleic add content. By 
crossing these two high oil, high oleic lines together, il was i5 
possible to create kernels having about 20% oD and abovl 
60% oleic acid (Table 2). 

These findings show that the aiutant gene that confers the 
high oleic trait in the low oil com line B73 is also effective 
in jceducing the conversion of oleic acid to linoleic acid in 20 
seeds that produce over 5 times- more oil- These results were 
unexpected assuming that the mutant gene confers a partial 
block in the oil biosyntbctic pathway Irom oleic to linoleic 
acid. Until the discovery of the prewsnt invention, il was not 
known whether the total oleic acid as a percent of the seed 2s 
would be greater than the total oleic acid percept of the B73 
mutant which is low in oil. Organisms can find ways to 
circumvent blocks in biochctnical pathways by using other 
enzymatic pathways. It was not known that the distribution 
of fatty acids, with parliwlar reference 10 oleic acid, could 
be essentially the same for a seed that produces 17 to 20% 
oil as ii is for a seed that produces only 4% oil. 



30 



TABLE 1 



Oil pnd Oleic Acid Conicni ot ihe 
49 \Jf^at OiJ 10 Ears liom a f epulaiiOA of 
956 l>'._Ptftn£ji ftf the Cfonji ASKC2a x B730L 



— ^ 35 



EAR ID NO. 


% OLEIC 


?6 0IL 


1 


1008.04 


64.1 


15.4 


2 


3045.01 


60.7 


15.0 


3 


1022.05 


£0.5 


15.6 


4 


1125.04 


5P.5 


173 


5 


1056.05 


£7.5 


15j0 


<> 


10^.06 


56.1 


15.7 


7 


1131.11 


51.0 


15.0 


& 


10^1.01 


47.6 


37.4 


!> 


1009^14 


47.4 


16.7 


10 


1058^03 


47,2 


15.7 


11 


3117.07 


4<.9 


16.2 


12 


1QS4.06 


46.5 


20.0 




1024ill 


46.4 


17.7 


14 


1089.04 


46.0 


16.2 


15 


13QB.04 


45.1 


17.5 


16 


109€.02 


U3 


3S.7 


17 


1031.03 


43.7 


17J 


13 


1031.01 


45,3 


20.0 


19 


1047,IJ 


43.2 


17.6 


20 


1063.07 


42.8 


15.4 


il 


1047.04 


42.6 


16.2 


n 


JlW.07 


4Z.6 


15.fi 


23 


1030.07 


42.5 


16.1 


24 


WOO-03 


42.2 


18.4 


2S 


1059^02 


41.9 


16,0 


26 


1072.02 


41.5 


15J 


27 


1028,07 


39.7 


37.2 


23 


1028X>7 


39.7 


16.6 


19 


IO66.OI 


39.6 


16.6 


30 


1096.05 


39.4 


17J 


31 


1103.06 


39-4 


36.0 


32 


1014.05 


38.4 


16.0 


33 


1045.0E> 


39.1 


IS.4 



40 



SO 



55 



60 



12 



TABLE 1-contiflucd 



Oil aod Oleic Acid Coal«nt ol the 
49 HIgheflL Oil F3 ^ ^ttna t Populalioa of 



EAR ID NO. 


% OLEIC 


eg OIL 


34 


IOO6.IO 




15.1 


35 


30i)a^7 


37.9 


20.3 


36 


113S.CW 


37.6 


17.4 


37 


1043.06 


37.4 


17.2 


3fl 


:o2o.oi 


37,0 


18.4 


39 


1048.06 


37.0 


16.1 


40 


1101.01 


36.7 


203 


41 


:l 066.09 


36.6 


16.2 


42 


3101,03 


36.4 


39.2 


43 


1101.02 


35.7 


20.7 


44 


3101-04 


35.2 


22.4 


45 


3090.01 


34.5 


35.0 


46 


3109.01 


33.6 


35.3 


47 


10S3J)3 


32.d 


35.2 


48 


aiu-02 


30.4 


J7.1 


49 


1030.04 


29,0 





TABLE 2 



Oil sad Oleic Acid Contcni ef Si Euj Derived 
from a Crtet Betw«fi 1^0 S3 ASKC2S x B730L Uati 
Hftvwig 15-17% Oil and 60^ Oleic Aci d 





EAR ID NO. 


%OIL 


% OLEIC 


1347 


BAR06360 


14.99 


58.6 


1347 


BAR06361 


1448 


61.0 


3347 


BAIt06362 


13.80 


60.9 


1347 


BAa06363 


is.od 


60.6 


3347 


bAR06364 


12.25 


5S.fi 


134« 


BAI106376 


17.36 


60.5 


i?4a 


liARQfi377 


17.57 


5S.2 


334« 


BAR0637fi 


10,57 


63.7 


1346 


BAJR06379 


10,64 


59.5 


134A 


BAR063$0 


13.16 


60.9 


134« 


BAR 063*1 


35.96 


i&.9 


134& 


BAR063*: 


31,65 


63.2 


134« 


BAK06383 


35-90 


60.4 


1346 


BAR063S4 


16.81 


59.2 


1345 


BAR06385 


13.95 


62.1 


334« 


2AR063a6 


13.59 


6L0 


I34d 


BAJt063a7 


16.37 


5fi.8 


134$ 


BAR063a£ 


10.65 


56.3 


134« 


BAR06389 


13.60 


54.8 


1348 


^AI106390 


16.53 


56.2 


1349 


BAR064O1 


16.76 


6a6 


3349 


BARD6402 


I7.2fi 


57^ 


1349 


BARD6403 


12.5S 


52.4 


1349 


BAH06404 


36.55 


612 


1349 


BAil06405 


17.07 


60.7 


1349 


BAR06406 


15.53 


55-3 


1349 


aAR06407 


15.19 


5&P 


1349 


BAK06dO& 


15.61 


6i3 


3349 


BAIt064O9 


14.99 


5S.0 


1349 


BAR06410 


19.49 


614 


3349 


BAK06411 


17.19 


CU 


1349 


BAR064U 


17.99 


60.4 


3349 


BAR06413 


13.8D 


53.4 


1349 


BAK06414 




62.3 


1349 


BAR06415 


17.03 


6L2 


3350 


BAR06427 


19.09 


61.4 


1350 


BAR06428 


19.14 


64.1 


135D 


BAJID6429 


17.01 


57.5 


1350 


BAR06430 


17.62 




1350 


EAIt06431 


17.53 


63.7 


3350 


BAR06432 


20,21 


58.1 


1350 


BAR06434 


37.72 


59.2 


1350 


6AR05435 


18.02 


60.9 


3350 


BAR06436 


19.29 


62.7 


3350 


BAR06437 


16.90 


63.2 
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TABLE 2-coatiQvcd 



14 



Oil sad Oltic Acid C^Dtent of SJ Ear* Derived 
from Q QvH BetwcBp TWo S3 ASKC18 x B730L Lirfi-i 
Mjiwin pi '^5-]7^ Oil nnd 60% Oleic A rid 



EAR ID NO. 



^ OLEIC 



2350 


BaR0«43S 


IBM 


tf0.0 




1350 


]0A|IO643$ 


19.75 


61.9 




1350 


BAR0e44O 


i*je 


62.9 




1351 


BAR(kl451 


1^.75 


53.S 




1351 




13.00 


59.4 




1351 


BaR0<5453 


12.43 


57.4 




1351 


BaR0«454 


14-97 


5&.1 




1351 


BARD(i4S5 


]7.47 


5fl.4 




1351 


BAR0«456 


31.27 


6t,S 




1351 


BAR04457 


32.37 


S6.Z 




1351 


BAn06458 


12.45 


$0.5 




1351 


BAR0«459 


33.S4 


59.1 




1351 


BAR06«5D 


16.58 


56.6 




1351 




t&J8 


60.0 




1353 




15.28 


60.6 




1352 




11*43 


61.5 





10 



15 



20 



ExampJe 2 



ProduciiOD of I-Iifih Oil, High Oleic Acid Cora Grain 

Hiis example illustrjitCB the production of agroaomically 30 
elite, high yielding com plants which bear grwn h»ving 
approximately a five fold increase in oleic acid conleni over 
nonnal corn. Maize plants of the genotype B730L were 
pollinated by plants of ihe gcnoiypc AEC2720L 10 produce 35 
FX ficed. Fl hybrid plants of this cross were citbcr self 
pollinated or cross pollinated by F3 plaints obtained from 
samples 1008.04, 1022.05, 1048.01, and 1125-04 lisied in 
Tkble 1. Self poilinalcd ears derived troai samples lOOS.04> 
1022.05, 1048,01, and 1125.04 varied for oil and oleic acid 
corneal from ear lo car, wbich is not unexpected for f3 
generation plants. One F3 derived car wa* 17.1% oil and 
61% oleic acid, indicating thai ibe present discovery is 
rcpeatable Vnder very different environmental conditioxis. ^ 
The initial discovery of samples 1008.04, 1022.05, 1048.01, 
and 1125,04 was made in plants grown during the summer 
m Newark, Del. "Hic following gcnerab'on wbdeh gave rise to 
plants wilh 15 lo 17% oil and 50 to 65% oleic acid was 
grown in the winter in Molokai, Hi, Self pollinated Fl plants 
of the cross B730L X AEC2720L produce grain having an 
oil content of apprOKJffialely 6% and an oleic acid content of 
the oil of approximately 60%. When cross poUinalcd by F3 55 
plants derived from samples 1008.04, 1022.05, 1048.01, and 
1125.04, grain produced on female Fl B730L X 
AEC2720L- planiA averages 8.4% oil and 62 8% oleic acid. 
Oil and oleic acid levels of individual ears comprising this ^ 
grain are shown in T^iblc 3. Oil and oleic acid content arc 
similar for grain produce in this manner under different 
enviiomnenial conditions. Data presented in Table 3 repre- 
sent grain produced in the winter in Molokai, Hi-, and 
bulked grain producscd in the same raJinncr in the summer 
near Newark, Del. averaged 9.6% oil and 64.1% oleic acid- 



50 



TABLE 3 



Oil a^d Oleic Acid CoaiBni of Grtia Rcfluliiag fioin tbe 
Qow Peltutttion of B730L x AEC2720L Bub by Pollen 
From Derived Planut of Sijnple* lOOft.04^ 
'}fffA.M , 1Q48.Q1. tod 1125,04 



EAR to NO. 



POlLEN 
SOURCE* 



65 







1125.04 


63-^ 




inm fiftJ « lOOfl 


1325.04 


58.8 


1 


3QOIiOD3 j< 1000 


1125.04 


61.5 




1001.004 x }000 


1325,04 


65.8 




3001.005 K 1000 


1125.04 


62.0 


A 
V 


1002.001 X lOOO 


3125.04 


65.3 




iflftj 002 X IQOD 


1225,04 


60.8 




inrw ftto K IDDO 


1125.04 


63.4 


9 




1125.04 


59.8 
60.9 


JD 


iftM nos w 1000 


1125.04 


ll 




1125.04 


64wfl 


12 




1125 .OA 


61.4 


13 


10U3.Q03 X iWu 




57-8 


14 




1125.04 


63.0 


15 


1003.005 X lOOO 




64.6 


36 


1004,001 X JODO 




62-6 


17 


1004.002 y jOOO 


1125-04 


51-5 


18 


1004.003 X 3raC) 




63.8 


39 


10D4.004 X IDOO 


1125.0^ 


63.4 


20 


J004.005 X 3000 


1125.04 


Afi, ^ 
vQ,? 


21 


1005.001 X 1000 


1125.04 


63.4 


22 


1005.002 n 1000 


1125.04 


65 7 


23 


1005.003 X aooo 


11Z3.U4 


A< A 
Qj*Q 


24 


3005.004 V lOOO 


1125.04 


6^i0 


25 


1005.005 K lOOO 


1125.04 


65 1 


26 


1007J101 X lOOO 




61.3 


27 


1007.003 X 1000 


1125 04 


61.3 


2B 


1007.004 X 1000 




60.7 


29 


1007.005 X 3000 


1125.04 


53.4 


30 


1008-001 x 1000 




52.2 


31 


100S.002 X lOOO 




54.7 


32 


1009.003 X 1000 


1 125.04 




33 


3008,004 K JOOO 


1125.04 




34 


lQ0fi.D05 K 1000 


1125.04 


61 7 


35 


1009 -OOl X 3D0O 


1125.04 


62-3 


36 


1009.002 X 1000 


1125.04 




37 


1O09.003 lOOO 


3125-04 


65.3 


38 


1009.004 X 2000 


1125.04 


it 


39 


1009.005 X 1000 


1125.04 




40 


IOIO.OOI X 1000 


l]25r04 


6l_3 


41 


1010.002 M 1000 


1125*04 


6^-3 


42 


lOlOXWS X 3000 


1125.04 


Oi.** 


^3 


1010.004 X 1000 


1125.0'^ 




44 




1125.0^ 


48.0 


4S 


1013,003 X 1000 


1125.04 


47.0 


46 


1011.002 X 1000 


1125.04 


60.2 


47 


3011-003 X 1000 


1125.04 


59.4 


4S 


1013.004 X 1000 


1125^ 


52.3 


49 


1031.005 X 3000 


3125.04 


60.3 


50 


3013.001 X 1012 


3022.05 


66.2 


51 


3013,002 X 1012 


1022.05 


64.0 


52 


1013.005 K 3006 


1008-04 


63.1 


53 


1013.006 X 3006 


1008,04 


60.3 


54 


1013.00? X 1006 


1008.04 


64.5 


55 


1014.003 X 1012 


1022.05 


62.4 


56 


]014.004 X 1012 


3022.05 


62.7 


57 


1034.005 X 1012 


3022.05 


63.4 


58 


1015i3D2 X 1012 


1022.05 


6Z3 


59 


1015.003 X 1012 


1022.05 


63.7 


60 


1015.004 X 3012 


1022.05 


«.9 


61 


1016.002 X 1012 


1022.05 


S4.5 


62 


3037.003 X 1000 


1125-04 


46.7 


63 


1017.002 X iDOO 


1125.04 


60-6 


64 


3037.003 X 1000 


1125.04 


58.1 


65 


1037.004 X 1000 


1125.04 


60.0 


66 


3037.0OS X 1018 


1048.01 


6Z4 


67 


1019.001 X 1018 


1048.03 


64.4 


66 


3019.002 X 1018 


3048,01 


63.2 


69 


1019i)Q3 X 1038 


I048i)l 


62.7 


71 


1019.005 X loie 


I04$.0l 


64.9 


72 


1020.002 n 1018 


1048.01 


63.2 



3 OI-EIC % OIL 



8.4 
7.6 
7.5 
B.4 

6.8 
9.2 
7.2 
7-5 
7.3 
8.5 
8.7 
7.1 
7.7 
8.2 
8.1 
7.7 
7,6 
8:2 
8.2 
8.3 
7.9 
8.6 
30.1 
31.0 
9.2 
7.4 
7.8 
8.4 
7.4 
7.1 
8.6 
9.1 
8.4 
9.1 
7.6 
7.5 
7.0 
9.6 
8.1 
9.9 
8.5 

a.0 

8.3 
8.5 
10.2 
7.8 
7.7 
8.0 
8.3 
7.2 
9.2 
7.4 
7.6 
6.9 
76 
7.7 
B.0 
7.6 
6.8 
7.0 
7.5 
8.8 
8.9 
8.1 
7.8 
7.6 
6.1 
7.4 
6.8 
7,9 
7.9 
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lABLE 3-coniiaueil 



16 



Oa and Oleic Acid Cownt of Qnm RosuUltte from the 
CtOii Polliflation of B730L x AEa720TL Oar* by Pollen 
From P3 Derived Flanl* of Sampiti lOOfi.W, 





EAR ID NO, 


POLLEN 
SOURCE^ 


* OLEIC 


%oa 


73 


1020^03 X 3018 


1048,01 


J9.0 


6.7 


74 


a020J0[M X I0I3 


1 048.01 


61.5 


6.4 


73 


1020,005 x 30ia 


1048.01 


64.8 


7,9 


76 


1020^06 K 1018 


1048,01 


6$4 


7.1 


77 


1021.002x 1018 


1046.01 


59.2 


6.7 


7fi 


1021.003 K 1018 




66.(1 


7.S 


79 


1021.00dx aoiB 


1048.01 


62.5 


7.5 


80 


102l.00tf X 1018 


iMa.oi 


63.6 


8.0 


61 


lOil^O? X 1018 


10<l«.0] 


^3.2 


7.SJ 


82 


3022.001 K 1018 


1M8,01 


64.5 


7.7 


fi3 


1022.002 X lOlfi 


1048.01 


62.4 


7.2 


£5 


1022.004 X 1018 


104S.01 


62.E 


6.S 


8« 


1022.005 X 1018 


1043.01 


61.$ 


B.O 


67 


1023.002 X 101 B 


i04d.oi 


62.8 


7.6 


SB 


1023.003 X 1018 


1O4S.01 


65.3 


6.1 


S9 


1023.004 K 1019 


10*8.01 


62.8 


7.1 


90 


1023.005 X lOlS 


104S.01 


64.6 


7.3 


PI 


1023.007 X 1018 


i04fl.oi 


62.2 


8.3 




AVERAGE 




62.8 


8,4 



of pollinator and a large pcrccDUgfc of male sterile grain 
parent, for example wherein ihe raiio of tlic polimator lo the 
male sicrile female giaio parent is approximaiely one to six. 
This example illiLslfatcs the imporlanl point thai the 

^ present invention tiffers a way lo produce a high yield of 
grain with substantial increases io oleic acid content over 
normal corn. Also, tbi* grain produclioo method dramali- 
cally reduces the breedbfi timeline by allowing growers to 
uiiUj:e currently available high-yielding com hybrids in 

^0 combination with selected pollinators lo produce grain wuh 
substantially higher oleic add coniem. 



IS 



20 



^5 



^Pollen vwjcA identifies the F3 plaots derived f«ffl f3 Wirt described in 
TahJc 1. 

In this example. Oic grain parent (B730LX A£C2720L)p 
when self pollinated, will produce grain with an oil content 30 
approximately two percentage points higher than normal 
corn (6% vs. 49&). The oil level obtained in grain described 
in Table 3 is due in pan lo the increased oil contributed by 
the grain parenL By using pollinator plants of the type 
described in this example, high oil, high oleic grain can also 3S 
be produced on grain parents that, if self pollinated, would 
pioducc normal oil levels (i.e., 4%). To illustrate this point, 
plants of the background B730L woro pollinated by planw 
of the background LH60 (a product of the Holdcn's Foun- 
dation Seed Co., Williamsburg, Iowa) to produce Fl hybrid 40 
seed. LH60 is an inbred line having a normal (49&) oil level 
and higher than normal oleic acid level (35-40%). Self 
pollinated grain piroduced on B730L X LH60 plants is 3-^% 
oil and 45^0% oleic acid. Yield tests have shown that the 
hybrid B730L X LH60 is capable of matching or exceeding 4S 
the grain yield of current elite hybrids. Grain having an oil 
content of 8.7% and an oleic acid content of 56.8^ was 
produced by allowing B730L X LH60 Fl plants to be 



Example 3 

Uiie of High Oil, High Oleic Com in an Animal Feed Rauon 
as a Means of Improving Meat Quality 

By replacing some or all of the supplemental animal fat in 
a feed ration with the oil present in high oil, high oleic corn, 
il will be pcrasible to produce meal products having less 
saturated fats. As discussed in the Background, the utility of 
this concept has been demonstrated in feeding trials wiih 
swine that were fed diets containing high oleic oil. In this 
example^ a method of producing animals having less satu- 
rated fat and more monounsamrated fat by usiiig a the 
present invention will be described. An important difference 
beiweeo this and the feeding trials descrfl>ed in the Back- 
ground is thai in this example, high oleic acid oil is supplied 
in the grain rather than as a supplement to the feed, offering 
greater convenience to animal producers.^ Feeding trials 
which have showoi that adding oleic acid to the feed 
improves carcass quality typically use high oleic canola or 
sunflower oil. From a commercial standpoint, providing 
oleic acid in the grain rather than as a supplemental oil 
eliminates the cost, irjconvenience, and time of handling an 
additional feed ingredient. 

A protocol has been developed to evaluate the effects of 
feeding a high oil, high oleic com type on several factors 
Including: 

A. the growth of swine, 

B. the fatty acid composition of fai and muscle tissue, 

C. the stability of carcass fat, 

D. consumer preference of improved meat products. 
Four feeding programs would be utilized to raise swine 

with improved carcass composition. Feeding Program 1 
consists of a com and soybean meal diet which contains no 
added fat. Fcedbg Pi»gram 2 consists of a high oil, high 
oleic com plus soybean meal diet in which the relationships 
between critical nutrients on the caloric density arc equal to 



of F4 pollinator planU represented 165 F4 cars derived from 
20 F3 ears that had an average oil content of 15.0% on and 
57% oleic acid. Grain parent and pollinator plants wer« 
planted in a repeating paitem of six gr^b parent rows lo two 
pollinator rows. In maize, the male pan of the plani is the 55 
tassel which can be easily removed by hand or machine. 

Female grain patent plants were detassled by hand and the 
resulting grain arofic from wind-bom pollen from pollinator 
rows. Approximately 2000 pounds of grain was produced in 
this manner. However, to facilitate cross pollination On a 
commercial scale, the plants to be used as the female would 
be rendered male sterile. This can be accomplished by 
physical removal of the male pollen-shedding part of the 
plant, by chemical treatment, or by a genetic mechanism 



a corn and sojSean meal diet with added crude com oil 
formulated lo achieve the same caloric density and nutrient 
to calorie relationships as Feeding Program Z. Feeding 
Program 4 consists of a com and soybean meal diet with 
added animal fat formulated lo achieve the same caloric 
density and nutrient to caloric relationships as Feeding 

Program 2, . r 

To evaluate any interaction between hog geneuc bacX- 
grownd and the above feeding programs, twg bog types 
60 would be used in this study. Group 1 consists of hogs having 
a high productive performance and high lean gain potential 
wiib a mature body weight of over 240 pounds. Group 2 
classical" genetic potential for Jean 



consists of hogs with a „ . 

cain and otoductive performance with a mature body weight 

to ihose of folly mak-fenik hybrid plAois cm be achieved wsittDeflis for thispbas^ of the cxpenmem .s 8, and includes 
by plantiflB a mixture of seeds containing a sraiU perecmsge 4 feeding proerams apd 2 bog typcs- 
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Diets Q©ed to bo formvdaicd for each irftaimeoi feeding 
piograni for each of four produciion stages. "Hie production 
siages, bassed upon live body weight arc as follows: 

3, 45-90 potiods 

b. 90-130 pouads ^ 

c. 130-200 pounds 

d. 200-240 pounds 
Four pens per irxtiunenl, and six pigs per pen, for a tola! of 
192 pigs, arc occdcd. At the bcgioning of the trial, pigs are 
to be weired and allotted lo pCDS, wiihin » generic pptemial 
treatment, in a manner which equalizes weight and sex 
across feeding program ncatmcnt. Pigs within esch pen need 
to similar in weighl and proportion of females versus 
barrows. 15 

Hogs need lo be weighed at the bcguaning of each 
production stage and at the cod of the feeding period. The 
weight of feed added to the feeders iu each pea must be 
recorded as it is added. Feed remaining in the feeder at the 
end of each production stage must be removed and weighed. ^ 
Hogs are to housed in a confiDement facility and feed and 
water are lo be oUcred ad-libiium- Hogs within a genetic 
background treatment are to be sent to slaughter when they 
reach iheir mamre body weight- 

Hogs are to be slaughtered and processed in a COmmereia) ^ 
plant which purchases hags on the basis of grade and yield. 
Tissue samplefi fifom the ham and loin, and the subcutaneous 
fat surrounding these cuts must be obtained and saved for 
analysis. Samples of ham and loin from 1 pig from each pen 
is 10 be processed and saved for sensory evaluation, 

Feeding performance can be evaluated by comparing the 
average daily gain, the average daily feed intake, and (he 
feed eflSciency (pounds of fectJ/pounds of gain) for each of 
ihe treatments. The effect of the ircatmenL<i on carcass 
quality can be evaluated by measuring average carcass 
weight, average back fat, average percent lean yield, and 
average actual yield. The effect of Iho ircaimcnts on meal 
quality can be evaluated by analyzing the bam, loin, and the 
surroimdiDe fiubcuianeous fat for fatty acid profile, oxidative 
stability, and meat firmness. Consumer related factors ?!ach ^ 
as taste and appearance of ham and Join cuts must be 
evaluated by a trained and experienced sensory panel. 

Example 4 

Improved Functional Propcriics gf Oil Extracted from High 
Oil, High Oleic Corn ^ 

this example illustrates the improved oxidative stability 
and svbsequeni utility of oil exuacted from high oil, high 
oleic com. Crude oil was e?rtractcd from the grain samples 
described in Example 2, and from a bulk of normal com 
hybrids, for each sample, approximately 4 pounds of clean 50 
grain was cracked tising a Rgsskamp model TRC-650-6 
cracking roller Oil extraction was done in a glass extraction 
vessel heated lo 60' C. in a water jacket. Two gallons of 
hexat>e was added 10 the cracked grain in the extraction 
vessel, anjd the solvent cycled through the system for 45 55 
minutes. After extraction^ hcxaoe was removed with a rotary 
evaporator, leaving cmde oil. Corn oil used in comnoercial 
cooking applications or in food produets is not used in its 
crude form, but rather is refined, bleached, and deodorized. 
The cmde oil was processed using ptt>cedtires designed lo 60 
mimic those used by commercial manufachires of refined 
corn oil. Commercial conditions cannot be duplicated 
exactly on a laboratory scale. However, the conditions and 
procedures employed approximate those used commerciaUy. 

To refine, bleach, and deodorize the oil, 300 g of crude oil 
was placed in a 600 ml glass beaker and 0.3 g of H3PO4 was 
added dropwise while stirring as a 0.1^ solution of S5% 
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HaPO^. The sample was healed to 65-70* C. and held for 10 
minutes- Warm (60** C) NaOH (8%) was added dropwise to 
the oil sample 10 neutralize the free fauy acids and the 
HjPO^. The sample was stirred for 5 minutes, then split 
among centrifuge tubes and centrifuged for appro >amaiely 5 
minutes at 2500 RPM. The soap film was swabbed from the 
top of the ttibc and oil was decanted into a clean beaker. The 
oil was then water wa.shed with the addition of 20% (v/v) of 
hot water a.s the sample was heated to 90* C. with rapid 
agitation. The oil and water weje allowed to stand and 
separate for 10 minutes and the sample was oenirifugcd 
again at 250O RPM for 10 minutes- Oil was decanted into a 
small beaker to prevent the accidental contamination of the 
oil vviih the aqueous phase and then was poured into a 500 
ml suction flask. Hie oil was dehydrated using very rapid 
agitation under vacuum at 85-95" C for 30 minutes or until 
all moisture (bubbles, condensation) had been removed. The 
vacuum was then broken with niuogen. Two percent (wi/wt) 
of Fillrol F-160 was added and the vacuum >va* again 
immediately applied slowly with rapid agitation for and 
additional 30 minutes at 85-95* C While under vacuum, the 
oil was allowed lO cool to 60* C. with reduced agitation. The 
vacuum was then broken with nitrogen and one percent 
(wl/wt) of diatom aceous earth was dispersed in tbc oil- The 
mixture was suction Altered through a prepared bed of 
dialomaceous earth supported by filter paper into a 500 ml 
suction fiask. 

Following refining and bleaching, the oil was deodorized 
in a deodorizalion vessel. The first trap of the vessel was 
filled with ice and water, the second trap was filled wjib 
liquid nitrogen. 4 ml of deionized water was added per 100 
e of oil in the bioler portion of the vessel. Two drops of 25% 
citric acid were added to the vessel, then oil was added to the 
citric acid solution in the vessel The sample was heated to 
240" C- under vacuum and niirogen flow at one PSI. 
Kiirogen flow was stopped when the sample reached 60** C. 
At completion of the deodoriraiion process, the sample is 
cooled to 40' C- and the refined oil was removed lo a ftask. 

Oleic acid percent of oil extracted from the sampJcs was 
measured by gas chromatograph. The oleic acid level rep- 
resents an average of four 20 g subsamples of grain. 

Oil oxidation occurs in two loages, the first being the 
induction period, and the second being the exponential 
phase; Lin, S- S., Fats and Oils Oxidation, In: Intfoduciion 
to Fats and Oils Technology, P- J- Wan, ed., American Oil 
Chemists Society, Champaigti, 111-, pp- 211-231. Oxidation 
of an oil proceeds through ^e radical formation, hydrop- 
eroxide formation, and oxidation products formation. The 
fel detectable products of oxidation arc hydroperoxides- 
Once formed, the peroxides will begin to decompose and 
form volatile and non-volatile oxidation products. The voli- 
tile compounds generally have objcaionable odors and can 
be smeUed easily, the smell being one of rancidity or 
stateness. The non-volatile products can be further classified 
as polarized and polymerized compouads- 

ITie length Of time needed to prtsduce a rapid acceleration 
of qjcidaijoo (the exponential phase) of oils and fals is 
indicative of resistance to oxidation. This length of time is 
measured as a malhematical delennination of the maximuoa 
change of the rate of oxidation, and is known as the Oil 
Stability Index (OSI). 

An OSl insimment, Omnioa, Inc, Rookland, Mass., was 
used 10 predict the stability Or resistance to oxidation by 
measuring the rate of volitile compound formation. Method 
65 Cd 12b'92 of the American Oil Chemists Society was used. 
Cleaning ot the poly carbonate mbes and the conductivity 
probes accomplished with RBS 35 (FLUKA) and hot water. 
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dclftnwiAe ihe total area undM the regression curves. The 
numbtr r^preseaiing the mul area under the curve was given 
the name of polar index or polymer iodex. Tible 5 shows 
polaj and polymer iddecies for normsl com oil and oil 
obtained from high oil, high oleic com. Oils having lower 
polar or polymer indecics are more stable. The polarized ^d 
polymerized compounds ihai are generated during heating 
&TC the main causes of foaming and bitter ia.me during 
probnged deep fat frying. Foods fried in oxidized oil 



TABLE 4 



5.0 5*0.2 fi of oil sample was placed in disposable sample 
tubci. M connections were made according to the manu- 
facturers directions and the samples were run at 110* C 
Water supply is a Bamslead NAJSOpure H system with Typo 
I, Organic Free and Pyrogen Free canridges. Duplicates of 
Cftch sample were performed in the same tuo- Placement of 
mbes in the OSl instrument was accomplished in a random 
fashion. Data were collected and OSI was determined on a 

DELL computer using software supplied by the manufaC'- , « . . ^ 

mrer. Oils wiih high induction times a« measured by the OSt hccomc stale rapidJy and have a short shelf hre. 
arc more resistant to oxidation than oils >viih low values 
(Table 4). 

Heai accelerates oxidaiion of oils and alters the pallcm of 
oxidation products. The lempcrature of an oil is generally 
kept between 180* and 250' C. during deep fat frying. At 15 
such temperatures, the oil will oxidize at a faster rale and the 
nature of oxidation will be dififcreni fiiom the the nature of 
oxidation at room temperature. At frying temperatures, the 
formation of polymerized molecular species is generally 
greater. As a rcs^t, the oil wiU develop a dark color, have 20 (BJ^J-** 
higher viscosity, and wiU foam easily. The poUr and poly- aecstxol) 
mer indecics, as used here, reflea an oiU ability 10 withstand 
heat and remain siable- A high index reflects rapid break- 
down of the oil and rapid accumulation of polymeric and 



Induction Tiffle of Oil OhiaJwd &oirt Norrtftl Corn Pad 
High on. High Qlfctc T3eserit»d in E»iinpl« 1 RBtf £_ 



Sample 



Acid 



Iflduccien Time 



Nomittl Cora* 

ASKcaaoL^* 



30 
64 



30 



ASKC2S0L 
(Moiolml, HI, 1993) 
(B73OLXLH60) 

askcssol 

I-SO (0-05) 



ASKjC2dOL 
(Newsik, OE, 1993) 
^ (B730LK 

polarized "brcakdo^^^ producis. The lower The index, the is aec2720L) 
greater the ability of the oil to withsland the elevated 
temperamres used in frying applications. 

Ibe system for the analysis of the high temperature 
siability tests consists of a hcaLing unit, a Rainio Instfumem 
Dynamax HPLC aod data acquisition system, two Rabbit- 
HP solvent delivery pumps, TCI Infiirumem's AS 2000 auto 
injector, and MilionRoy spectromonitor UV detector at 254 
om. Five ml of oil per sample was placed wp a 13x100 mm 
glass screw cap test nibe. The mbes were placed in an 
aluminticn heacing block thai holds 13 mm tubes. The 35 
aluminum block was healed by a Thcrmolync type 1900 bo» 
plate that is contioHed with a PMC Daiaplatc 520 icmpera- 
(urc controller with timer. This provides a consistent tem- 
perature of 1 80* C. in the aluminum block and provides auio 
off of the hot plate after ten bouis- After 10, 20, 30, and 40 40 
b0UT« of heating time (10 hours per day over b 4 day period), 
a 50 micfolitcr sample was removed and placed in a 2 ml 
screw cap HPLC vial with Teflon and silica septa for polar 
and polymer analysis. 

Samples were placed in a -20" C. freezer until assayed 
Just prior to HPLC analysis, samples were brought to room 
temperamre. 950 microjitcis of hejcanc and 1.5^ isopropyl 
ajcghol were added and the samples were vorlexcd. Samples 
were placed in the autosampler of the HPLC for assay. 

The HPLC column used is a Bcckmao Ultrasphere 4.6x25 
cm- The method used is similar to thai used by Lin; supra; 
who looked at the oxidation of soybean oil al elevated 
temperatures. The mobile phases were, Reservoir A: 
isopropanol, and Reservoir B: methanol Starting conditions 
were 2 minutes al 409& A and 60% B, followed by a linear ^5 
gradient change to 70% A and 30% B over a 7.5 minute time 
period. This was held for 4.5 minutes and then ihe gradient 
was changed linearly lo 90% A and 10% B over 23 minutes. 
This was held for 2.5 minutes and then the gradient was 
changed linearly lO 95^ A and 5% B over 2.5 minutes and «0 
held for 22-5 minutes before rctunjing lo starting conditions 
over 5 minutes. 

Resulting chromatographs were iniegraied and areas for 
polar and polymeric peaks in the samples were determined. 
The increase in polar and polymeric material over healing fis 
times was plotted and fitted with a regression equation- The 
resulting equation was integrated from 0 to 40 hours to 



fi.i 

10.7 



0.07 
0.32 
1.34 



57 



IO.S 



0.28 



^Nonrel cprn cooaiati oC blended gmia Erom fom commereifclly firown 

^ASKCS80L ropresanls a bulk ct FA high oU» high oleic plJinLs from Ihe 
crou H730L x ASKC28 describod in ^cAmplt 1. The bulk of F4 pollina- 
(OT plnnL-i represented 16S F4 eftfft dcnved from 20 F3 can thai hid 
avartgc oil oonicBl of 15.0?& oil nud 57% olftic acLd. 



1ABLE5 



Polar and pOlyfflCf icdeeiei oC dH obLunod frOm dOimftl WfB «>d 



45 



50 



Sample 


% Oleic 

Acid 


PdUf lidtx 
± SuL Dc*f. 


Polymci Ifldex 
xSid Dev. 


NorauJ Core' 
CB730L X AEC272DL) 


30 
64 


aS7 ± 14 
142=: 8 
121 1 12 


107S a: 35 
532 I 71 
470*25 


X 

ASKC380L 
(Newait Dli 1993) 
(B730L K AECiWt) 


€3 




57B a 45 


ASKC230L 
(MolokBi, HT, 1993) 
CB730L >t LH60) 


$7 


1$:^23 


543 X 33 


H 

ASKC28QL 
LSD (0.05) 




43 


125 



^Nonnal cOcil COiWisu of Wondad gain Cr*« fbW floowncicuilly pown 

^A5^2SOL icprM«it5 a bulk of F4 higb oil, higb fllaie planlft from the 
CTQSA B730L X ASKC2S dat«ib«d ill BeBmpIc 3. Hie baUc of F4 poUiAA- 
lor piMtj repreiCiltwJ 1*5 F-^ eta iterived ffom 20 F3 W thai had an 
iVttrtgd oD conteni of 15.0% oil AOd 57% oldc dcuI 

Example 5 

AEC2720L and B730L can Used lO Produce Inbred 
Lines of Com Expressing Elevated Levels of Oleic Acid 

Tables 6 and 7 demonstrate that B730L and AEC2720L 
can be used effectively in a breeding program lo increase the 
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oleic acid conient of macy dififfirent corn inbrcds. The data 
in Tabic 6 are lakfcc ixom ihe most reccmly analyzed cyde 
of a panially complied backcross breeding program- B*clc- 
crossing is a conscrvaiive breeding metbod which is moSl 
often used 10 innodiice sjiaaply inherited, highly hcriuble 
traits into existing agronomically elite inbred lines. In a 
typical backcro3Sii)g program involving a qvaliiy grain iraii 
(i.c., a trail which influences ihe composition of a corn 
kernel, 5iucb as waxy), one or a series of varieties coniAimufi 
a quality grain irail arc crossed to a scries of cHie inbred 
lines, which are tennod tccurrcnl parents. The progeny of 
ihesc Crosses arc again crossed back to their respective 
recuireni parents, and this cycle is repeated typically 5 to 8 
limes. During this process the quality grain trail is main- 
tained in each backcrossiog project by visual or other 
selection, and the average nuclear genetic composition of 
each cmCf^g inbred becomes closely sirailar to that of the 
elite recurrent parent. Tlie result is the production of a series 
of elite inbred lines which express the newly introduced 
grain quality irait and in all other respects very closely 
resemble the plant type and coinbining characteristics of 
their respective recurrent parents. Finally, these finished 
inbreds are selfeid and homozygous individuals selected so 
ihe quality grain trail is uniformly expressed in subsequent 
seed increases. 

B73 as a line has given rise to a large number of elite 
female com inbreds widely employed in commercial pro- 
duction today- Further^ B73 is closely related lo several oC 
the inbrcds employed as recurrent parents in Tible A This 
further increases the probability that elite inbrcds wiU be 
recovered from backcrossing projects employing B730L as 
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a source of the high oleic trait. While not as elite as B73» 
AEC272 is a well adapted experimental high oil male inbred 
and performs reasonably weU in prototype high oil hybrids, 
suggesting thai inbrtjds derived from AEC2720L after back* 

5 crossing should again yield agronomically elite inbreds. 
The data in Table 6 give$ the range of oleic values 
observed in the selfcd progeny of a number of backcross 
conversion projects in which AEC2720L or B730L were 
used as donors of the high oleic oil trait. The level of oleic 

"^^ acid in these projects was determined by selfing panially 
backcrosscd lines during each backcrossing cycle, bulking 
ihe resultant kernels (lerroed SI) individually by car, and 
measuring the fatty acid composition of a representative 

IS sample of kernels by gas chromalography using a slight 
modification of the extraction and analytical methods 
described in Example 1» I>uo to the crossing protocol 
employed, and because oleic content in both AEC2720L 
and B730Lis most likely controlled by a single scmidomi- 

20 nant gene with additive effects, we expect the genes causing 
high oleic acid content to segregate in these populations and 
thus expect a broad range of oleic add content across SI ears 
in projccis that continued to cany the high oleic traits. In 
contrast, if the high oleic add trait was either not expressed 

25 in a particular genetic background or was lost by faulty 
selection during the backcrossing process, we would expect 
a Typically narrow range of oleic contenl in the kernels from 
selfed ears, as is typical of inbred lines of com- la this 
analytical run the range of oleic conient seen upon analysis 

30 of several ears of each of the recurrent parent inbreds was 
typically about 5%. 



TABLE 6 



Percent Oleic Acid m Oil Exifflcwd from Uhe^ UpdargpinB Badusfos* 



Oleic Source 



% Oleic in UC(n) SI 



U159 AEC27IOL 

LI?60 AEC2720L 

LH61 LHIOS K B730L 

LH74 LHlW « 

tHS2 AEC2720L 

LHaS AEC2710L 

XH13/2 B730L 

LH132 LHJ05 x B730L 

1J12AS LH105 K B730L 

LH14ti B730L 

LmSO LH105 X D730L 

1>U£3 AEC2720L 

LHl^e LHa2(4) K AEC2720L 

LH165 LHa2(*) « AEC2720L 

U1172 LHB2(S) >* AEC2720L 

LH172 Lm05 X B730L 

LH1S5 UIS9(5) X AECTIOU 

LHlfifi mSSKS) X AEC2.720L 

LU152 LHlOS X B7J0L 

LH192 AEC272 

LH19S LHIGS X B730L 

LH197 UU05 K B730L 

UUSfl LfUOS X B730I- 

LH199 132(5) )e B730L 

UUOn LKlOf K B730L 

J_H20(5 LH1S0(5) x LHISO x B730L 

LH206 LHIOS x B730L 

lJt21I LHi05kB73OL 

iH212 LH2W(£) x AEC2720L 

Ui213 LH216(5) « A5C272 

UCa3 UKtie X B730L 

LH216 AEC2720L 



4 


44-^20 


32.4 


20 


4 


53-31 


41.9 


a 


4 


33-2? 


30.4 


4 


4 


44^ 


32.0 


11 


4 


^2^1 


2fi.a 


14 




4*-Z5 


33.0 


19 


3 


57^ 


37.7 


12 


4 


40-23 


28^ 


18 


4 


54-22 


31v8 


16 


4 


33^ 




11 


3 


26 


2tf^ 


1 


4 


43-29 


34X) 


12 


0 


57^4 


42.4 


11 


0 


53-24 


35 J) 


13 


0 


46-20 


3li 


15 


3 


39-23 


33.1 


a 


0 


43-22 


31J 


6 


0 


33-20 


25.7 


10 


4 


StJ-37 


43^ 


It 


4 


61-37 


464 


14 


3 


55-27 


32.3 


IS 


4 


62r*27 


39.0 


19 


3 


50^7 


44.0 


4 


0 


40-29 


34>4 


2 


4 


43-26 


34.6 


5 


0 


43-24 


31.4 


10 


4 


47-30 


3SJ 


9 


4 


35-21 


2fi,l 


S 


0 


31-20 


25.1 


10 


0 


45-25 


34.4 


13 


3 




46.1 


B 


4 


3£^24 


30_5 


6 
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TABLE e-cominued 



Pcrccm Oleic AcW in Oii Extracted f«m Lines Undergoing BactosrMS 
CflnvfcMion Grtvwth in 19^^ m Molokfti, 



RecunBiii 

Farenl OJCtC SOUICC 



GBnftrtiioa (o) Range Avonigo ObawvaiioDS 



LH218 jLroi6(5) x AEC2720L 

LmiP LH216<5) K AEC2720L 

urns B730L 

LH22S LH18 x 



0 


31-: B 


24,3 


)J 


0 


34-25 




9 


d 




34.2 


10 


4 


51-26 


34.3 


as 



24 



Om of ihe 36 backcross projects preseoted in T^bic 6 17 
exhibited a range of oleic acid contents of 20 peiceniAge 
poiqL^ or greater, wbik 16 cxhibilcd a range of oleic acid 
content of 11 percenuge points or greater. Of the temaimng 
projccii LH150 returned only one ear during this cycle and 
beqce failed to Show a range of segregation, and the oleic 
trait may have been lost during iht course of the LH61 and 
LH219 backcross projccis. Overall, ihe5>e results indicate 
thai B730Land AEC2720L can be used as effective donors 
of ihe high oleic acid irait, and that the high oleic trait is 
expressed al sufiScicntly high levels in a number of geneiic 
backgrounds lo allow simple, cfl]eciive selection during 
backcross breeding- 
Oil exiracied from B730L and AEC2720L kernels typi- 
cally exhibits oleic acid levels of 60%. These levels of oleic 
acid are generally not seen in T^bie 6 because none of the SI 
cars examined ate expected to be homozygous for the oleic 
genes present in either AEC2720L or B730L. To gain an 
estimate of die final oleic acid level which may be achieved 
in iinished lines after backcross conversion, plants from the 
second backcross generation (BC2) from several backcross 
projects were self pollinated to yield a BC2S1 kcmcls. Ears 
bearing BC2S1 kernels exbibiiins elevated oleic ooiitcnts 
when bulked were yeplanied in a field in Newark. Del, in Ihe 
summer of 1994 and resultant plants were self pollinated to 
yield BC2S2 kernels. It was expected thai a proportion of 
these BC1S2 plants would be hoonozygous for the high oleic 
gene present in B730L and AEC2720L and that kernels 
obtained from BC2S2 ears from these homozygous plants 
would be uniformly high in oleic acid content. Kernels 
produced on the ivmainder of the BC2S2 ears would either 
ejdiibit oleic acid levels typical of corn inbieds or would 
contain a mixture of gr^in types. The upper range of oleic 
acid content seen in BC2S2 ears should thus be indicative of 
the expression of ker»cl$ uniformly expressing the high 
oleic trail. Since approximaxly S7% of the nvclcar genome 
of BC2S2 kernels should be derived from the recurrent 
parent, lbc$e oleic levels should be gpneraUy representative 
of the oleic add conteni of oil extracted from seed* of the 
finished inbreds when these backcrossing projects arc com- 
pleted. 

TABLE 7 



IS 



TABLE 7-contim»ed 



V6ttAti Oleic Acitf in oa Eauncted fron Bulked BC252 punBia 

rroduerH j*) Wewar^. DeUware r>a riiit SlimfllCf 1994 



20 RccuTeDl 



Pefcaai^Ql^ic^ BC2S2 



FarouL 



Oleic Source 



Range Av«»ge Obwiv^tjon* 



LH74 
LH82 
LHft5 

UU32 
tRa4S 

I.HJ46 
LHISO 

.n ^^^^ 

LR192 
LR1P5 
LR197 

uw9e 

35 LH200 
LH212 

um3 

LH21<( 
1LH225 



LH10S/B73OL 

AnC2720L 

AEC2720L 

LHlQ5;B730L 

B730L 

LH10S/B73OL 

B7301. 

LH3i05^73OL 

AEC2720L 

LH1CI5/P730L 

AEC2720L 

LHJQ5/B730L 

tHl05;B73OL 

LH105/B73OL 

LH1G5;B730L 

LHl05,'B73Ot 

LR105/B73OL 

LR105yB73OL 

LR15 K B730L 

AECr720L 

B730L 

LRlS w B730L 



<2-26 
28-23 
61-23 

63- 23 
58-22 
67-22 

64- 22 
53-27 
5a-26 

60- 24 
7£^-32 
70-25 

61- 22 
60-2^ 
68^26 

50-24 

55- 24 

62- 22 

56- 2S 
47-25 
4S-26 
4^30 



40 

3fi.l 

36.7 

39 

37.3 

40.8 

39.1 

39.5 

36,i 

52 

53.2 

35.6 

40.7 

42.6 

39.9 

35.6 

33.fi 

41,« 

39.6 

3^2 

36.2 

41.3 



16 
55 
51 
51 
SO 
43 
48 
15 
45 
34 
^6 
33 
55 
56 
53 
56 
44. 
33 
3d 

as 

33 
29 
20 



fcietti Oleic Acii in Oil Exirtcied from Bulked Kismda 
Produced In KcwpflC| fielawaic Dririflft StiQMwer 1i>94 



RecurrtHit 

Parent Okie Source 



Pc-.r^.t^t Oleic. BC2S2 



Range Avci&gti Observadon^ 



LH5d ABC2720L 
LR50 AeC2720L 
LR6a LR105/B730L 



64-24 40.4 
SSM3 43.6 
62-24 39,6 



09 
39 
44 



Out of the 26 backcross piojecis examined in Table 6 19 
returned ear^ with kernels containing oil with an oleic acid 
45 content of 57% or greater. Four of these projects contained 
oil with an oleic acid content of 65% or greater^ and the two 
backcross projects involving LH192 as recurrent parent 
returned ears whose kernel oil contained 70% oleic acid. 
Table 7 further illustrates that it is possible to recover high 

50 oleic segreganls in the LH61 project and hcnoe ihc failure to 
recover high oleic LH61 segreganis in 'Rible 6 is more likely 
due to missed selection during the latter stages of the 
backcrossiog program rather lhan by any suppressive effect 
of the LH61 background. 

51 Overall, it appear thai both AEC2720L and B730L will 
be effective in producing inbred line* of com by the back- 
cross method of breeding ^icb in most cases will produce 
kernels whose oil will ooncaia approximately 60% oJeic 
add. In scme genetic backgrounds the final pcioenlage of 

6G oleic acid i$ likely to approach 7096. It is fimhcr likely ihal 
breeding methods other than those employed during back- 
cross conversion will also be effective m producing new 
inbreds containing oil which in many cases contains 
appioximaiely 60% Oleic acid, because the inheritaiicc of the 

65 oleic trail from these sources is pimple, the trait is highly 
selectable^ and does not exhibit a high enough degree of 
cither genoiypic or environmental variability lo adversely 
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cffe« seleeUOD. Since ibe ofl of selfed kerDcb from ihe wherein ihc oleic add cotilenl is nol kss ibw .bO«i 55% of 

hybrid B73OLXAEC2720L is itself 60% Oleic »cid, it is ihc totsl oil couifini. i,« ,„ 

likely that iDbreds derived from cilhcr B730L or 5. The grsin of eb^ 4 wherein the r^^xh,^^ 

^720L e« by combined in hybrid combinaUon lo oil content of of not less than 6% of the loial seed we^hi, 

Diodwce hybrid corn ffaincotttaining oil with approximately s measured ai zero percent mM^^ 

Sf^ I • d finLeni The grain of claim 4 wherein tlie oleic acid content IS 

feS 2 teaches th^ pioduciioil of srain containing oil about 3% to about 1% of the total seed weight. 

wirrSdc ™n.ent of appro^^aiely 60?6 4en 7, FVogeny plants and pUm patte ftom any pedtgrec 

utilizing various combinaiioiw of AEC2720U B730L, derived from the corn grain of claim 1. 

!i!sKcl0L? ^ standard con, inb«>ds. TTui data presented ,0 8. Prt,eet,y plants and pUm parts from any pedigree 

in fixamnle 5 suggest that similar combinatioos made derived &om the corn gram of claim ^. 

bet^cTs^iiabl^ elected inbteds derived from either 9. Progeny plants and plam pans from any pedigree 

AEC2720L or B730L and the high ofl, high oleic pollinator derived from the corn pain of daim 4. 

^C2eOL or derivatives wSl simiUrly produced e«in 10. Corn plants and the s««d thereof tegenewted from a 

conlainiag appiorimalcly 6S lo 10% oil, which oil has a i5 tissue culture of il^ plant or pl»Dt P«i3 selected fcom the 

content of approxiwalely 60% oleic add. group coasistiog of claims 7 B, and 9. 

W^t is claimed is U. The grain of claim 1, claim 3 or claim 4 wherein the 

1. Acorn grain produced by planting in close proximity a fem»le parepi that ^ P"^" f 
com plant of an agtonomically elite high-yielding female rendered male sterile by chemical, mechanical, or genetic 
parent, having high oleic characierisiios, and optionally 20 means. c , ■ a u th. ui^i-. ai*;*. 
having hiehK)il characteristics, with a com plant of a high- 12. TTie com ^am of claim 4 wherem he high oteic 
oil and high oleic male paicni, optionally having high- characteristics of both the female plant and the male plant 
yielding characteristics and/or agronomically elite charac- are generated from a bigl» ol«i« «>" ^ '^^^f^ 
Listicfwhereinsaidcornerainhasanoilcontentofatleast B730L which bears the ATCC accession nuinber 97026, 
6S% on a dry weight basis and further wherein said oil is « 13. Tit com ^ain of claim 4 Mm the hi^ oleic 
comprised of 001 leL than about 55% oleic acid and the total cbaracierisUcs of both the female plant and U>e male plant 
oleic acid content of the grain is about 3.6% to about 1% of are generated from a high oleic comtnbied lioe designated 
Sie ioS seed weight AEC2720L which bears Ihe ATtX accession number 

2. The grain of claim 1 wherein the high-oil, high oleic 9''?27. , t • .i „.y..,.t^ Wot, 
male paiem plant, when self or sib pollinated, is capable of 30 14. The com grain of claim 4 whercm tte high oleic 
prodiicing kernels having a total oil content ranging &om characteristics of the fews^le plant are generated b(m a high 
7.5% to 20% of the total seed weight, meawied ai zero oleic com inbred line designated BT^OL which bears t^^ 
percent moisture and an oUic acid comeni of nol less than ATCC accession number 97026 and the high ole«= ehar^ 
Soul 55% of the total oil content of the seed. _ teristics of the male plant JJ^^'S' ^°ZX ^JZ 

3 The grain of daim 1 wherein the agronomicaUy elite iS com inbred line designated >^C2720L which bears the 

female parent, when self or sib pollinated, is capable of AXOC aooess«»n number 97027. 

producing kernels having a total ofl comeni of between IS. m com grain of clami 4 wherein the high Oleic 

about 2 percent to about 7.5 pei^ent of the total seed weight, char.cteristi« of the female plant "^.fS^'^'f'^"" \ 

measured at zero pcrcem moismre. wherein the oleic add oleic corn inbred me <1«'S»»«^ J^^f'^OL wtach bea^ 

content is tiotles."! than about 55% of the total oil content. 40 ibe ATCC accession mimber 97027 and the high oleic 

4. The com grain of daim 1 wherein the high-oil, high charaoeiisiics of the male plant are psneraied ftom a high 

ole!; male paref I, when self or sib polfinated. incapable of oleic com inbred line designated B730L which bears the 

produdne iwmcls having a total oil content ranging torn ATCC accession number 97026. 

7.5% to 20% of the totil seed weight, measured at zero 16. Tlie core grain of daim 1, '^^''''^^?=^^^^^ 

percem moisture and an oleic add content of not less than 4S borne by the female parent plan only, produced &om the 

about 55% of the total oil content of the seed and wherein planting in dose proxmuv. » »«=kawdy harvested, where 

Sic agtonomicUly dite female parent, when self or sib suchcomgralnissubstaniiany free of gram produced by self 

poUinaied, is capable of producing kernels having a total oil pollination of the female, 
content of between about 2 percent to about 7.5 percent of 
the total seed weight, measured at zero percent moisture, 



* 
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Expression of Lipid Body Protein Gene during Maize Seed 
Development 
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The Btoro^e lipids of B^d^ are packaged into lipid 
bodies, simplo of(ra»«rUefl coutainSnir « tri^ylglyc^rol 
core surrounded by a layer of phasphoUpida and pro- 
tQip«» A cDNA titncodlng the major protein from lipid 
bodies of maize (L3) wa« ueefi as a hybridization probe 
to analyze tho regulation o.^ lipid body biosynthesiB 
durinff seed development an<7 germination. Immunoflu- 
oreflcent microscopy demonfEtrates that L3 protein ac- 
cumulation IB tia^ue-ftp^ifit^. conHtied to the embryo 
(scutellum and embryonic a:£is) and the ali^urove layer 
of developioK seed* Norther.a analyses show that L3 
mRNA also accumulatee to high levels in Ine embryo 
and is not foimd in any nouseed tissue. The steady- 
state level of L3 mBNA is developmentolly regulated, 
increasing during early seed development and peaking 
at about the midpoint of sfrod development. It then 
decreases slowly, to 20% cf the peak level, in the 
embryo of the mature and ^eclifie^ rapidly to 
undetectable levels as the ^::ed germinates* The high 
level of L3 geno tsxprossion during seed davelopmekit 
is not due to atDPliCicatioti of -he L3 gene. Bince South- 
ern analyses cf moizo genon^tc DKA indicate that Che 
Xi3 gene has the same rolEitivcly low copy number 
throughout development (l-^^ copies/haploid genome). 
Rather, the increase in the steady-state level of L3 
mRNA during seed development is transcriptionally 
regulated. The developmental changes in L3 mRNA 
levels ore paralleled by chanffes in the transcription of 
the L3 gene, as measured by run-off transcription in 
isolated nuclei. The role of the plant growth regulator 
abscisic acid in regulating L3 gene expression waa 
inveatig£\ted. When the mature seed is allowed to im- 
bibe in the presence of exoj^enous obscisic acid, ger-^ 
mination is retarded, and the period of L3 gene expres- 
sion is extended. The extended period of L3 gene 
expression bn the presence of exogenous ab- 
9cJslc acid is due, at leaat in part, to a dramatic and 
specific increase in L3 gene transcription. 



Developing seeds occumulaLc large quantities of Btarch^ 
protein, and lipid rcservefl which are stored in the dortuant 
seed. These se«d atorage refterves are mobiUs:^ during ger^ 
mination to support the growth of the embryonic plont into 
an autotrophic seedling. The seed storage proteins from many 
plant fipeeies have been studied extensively. They are encoded 
by multigene famihes, and thei^ expression is highly regulated 

-ThU work woA lupporied by CtMt M CRCH 12156 from the 
Unlt«d StAtH I>flpanm«nt of A^culLure. The conti of pubUcaiiort of 
thii artrclo were defraycKl In part by tho P^ymoni of PAKv chftrflOB, 
Tt\l» srcicla muil Lh«refo» bo hereby markod "odfj^riiMniti^nl" in 
«^ccOcd&nce wUh 18 U^.C. Sodian 1734 »o1o)y tc IndtCAto this fact. 



with re^srd to tieoue Bpeciilcity and cevelopmental timing 
(Refs. I and 2; fot wview, see Ref. 3). The regulation of 
amylsse, which 19 involved in mobilization of the seed starch 
reserves, has aleo been intensively studied and is known to be 
under horroonsl control at the level of gene transcription (4- 
6). In contrast to seed storage protein ar.'d starch metabolism, 
seed lipid metabcliam has not been studied at the gene level, 
and the genetic mechanisms which rejriiiftte lipid deposition 
and mobilization during early developxr^nt are unknown- 

We have been using the maize seed as a model system to 
study the regulation of lipid metaboliar^i during seed devel- 
opment and germination (7-10). In maita seeds, lipid »aervee 
are synthesized and stored primarily in a specialized tissue of 
the emhiyo, the scutellum, where they constitute B0% of the 
dry weight at seed maturity. As in all seeds, the storage lipid 
in maize seeds is packaged into simple f^rgonelles called lipid 
bodies. These small apherical organelles consist of a triacyl- 
glycerol core surrounded by a "holf-uTiit" membrane com- 
prised of a single layer of phoepholiplds and a few major 
proteins (10-13). Only four major polyi^^ptides are associated 
with lipid bodies of maize; and the sm^Jlest of these, called 
L3, is quite abundant and constitutes nsarly 20% of the total 
Hpidbody protein and about 1% of the total protein of scutello. 
We recently cloned and se^enced an t3 cDNA and deduced 
the amino acid Be<iuence of the LS proiein (14). Analyses of 
the L3 amino acid sequence suggest thai this protein interacts 
with the single Uyer of phosphcUpids at the lipid body surface. 
However, the mechanisms which regui&^-e the synthesis of L3 
and other proteins involved in lipid body biosyntheaia are not 
known. 

In this study, we have addressed three questions to help 
elucidate the mechanisDse which regulate L3 gene expresdion 
during maize development. Are L3 gene expression and pro- 
tein accumulation confined to specific tissues? Is L3 gene 
expression dlfferentiaUy regulated during development; and 
if so, at what leveKs) ia it regulated? Is L3 gene eipresaion 
affected by the plant growth regulator ahscisic acid; and if so, 
at what level(s) is it affected? Our results indicate that L3 
gene expreasion is tissue-specific and under both develop- 
mental and hormonal contrcla at the level of gene transcript 
tion. 



Plant TYiAuei— SmhIa of the iabrsd line of maize (Zea m^y? L., Mo. 
17) were obtained from the tUinoii FoundttUon Seed Corp. (Ch*iB- 
paign, IL). TiMuei Ih>m developing seeds v'sre obtained from field- 
KTOwn plantj. PUnLi wen hAnd^poliinBted, acd Bcedi wvn collected 
at vsrioui time point* dxinng wd d«velopih«nt. Id lennination and 
M^dJing studies, mature ueda were rinfsd wr-II \r\ H»0 and incubated 
for 24 h «t 20 *C whUe ahaJting at 120 rprr. in a of water or 
abacLiic acid lolutlon ((±)-cfi,(raru-abacliic ncid, Sigma) which barely 
COVir^ the Bwda. The ModB w«re UanaferreO to felri diahm conttin- 
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IXAtion cttA prot«in in mala^e 5««d. 
At tonfiitudinHl Bection through ths em- 
bryonic axis And periderm of mai^! Mod 
at ^30 DAP. 1.3 protein is tividfint In tho 
celle of the ombtyohic oxift and &cjt«l- 
lum. longit^idinal ^tiop through 
portion of the pciidenn and cndoi:)enn. 
Ld protein is localized in the alfivirono 
(incUcAted by the arrow), a fiingk layer 
of celU fit the periphery of the cndp- 
Bpenm, J*. periderm; SA, enohryonic axla; 
^, endoapenn; ecutelium. The frcr rep- 
resents lO 




ing WbAtmui No. 3MM pat>cr aai-irat«d with either water or abacioic 
add Mlution and were allowed to prow in darknesa at 20 *C. Water 
or nbociBic acid Boluliott waa changed dc-ily, Unlew stated otherwise, 
only the scutelia, with the «izibrycnic oxCd removed, of the »eed]ingo 
w^rt U9ed. Hadicle emergence frrm the Mcd coat wab 03 the 
CfiterluiB to determine Deed gArmintitiont 

ImmUfloflwr^scen£e — Free-hLnd longitudinal Ecctione of maizC 
seed at apprtxxmately SO daya after polJination (DAP)' were fixoA in 
100% ethanol/glacial acetic acid (95:6) overnight at -2fl *C, dehy- 
drated in a graded alcohol uries, cleared in toluene, and embedded 
in paraffin. Secliond 6-7 tim in thickccaa were deparafTinized ar.d 
hydraCed to phoaphaie-buffcred ^Alinc (PBS) (66.7 mM NQ3HPO4, 
66.7 mM KHiPOi. 0S% NaCI. pH 7,4). After preincubation for 30 
mm at 37 'C in PB$ contolnlnf; 5% preimmune goat eemm, the 
•octiona were incubated at 37 *C for 60 min with rabbit aerum 
containing L3 antibodies (diluted by 1;&0 or 1:200) (7) or rabbit 
preimmune antiserum (!:60) aa ileKribed (15). The aectionft were 
finacd in PBS and incubated in a 1:33 dilution of nuoresccin -tagged 
goat anti-rabbit IgG for 30 min at 37 'C. AfUr rinaing with PBS, 
sectiona viewed wth a Reichert fluorcacence microacope using 
tran^itted W li^t frt>m a mtrcory are aource. 

Northern Anialy9e9—*fotal cellular RNA was isolated from various 
maiie tiasuea. glyovylated, fractionated by agarose gel eleetrophorcsis, 
and blotted to Hybond N paper (Amerflham Corp) (16). The blot wm 
evptned to UV light for 3.6 min, proceeaed, prehybridired, and hy- 
bridized A0 previoualy described (I7). The 780-baae pair L3 cDNA 
(14) was aubcloned from Xgtl I into ihe Eeojll eite of plajmsd pBR325. 
ThepBR325-li3 plaamid waa cut 'vith£coRI and the LS cDNA insert 
wai iflolflted from an aciylaoiide p^I by high salt extraction* cthanol- 
pi«c!piut«d« and nick-tranalatcd aa previowly deacribed (17). The 
cortcentrition of probe *W 6 ng/:nl in all hybridiaations. 

Soutfum ylnafypc*— (Genomic ONA wa# Iftolatod from 3-day-old 
Bwdltnjpi or ombryo* at 30 DAP b^' cetyltrimethylaramon'mm bromid« 
extraction and C«C1 equilibrium ultracontrifugalion cxnCtly aa de- 
Kiibed (18). The DNA wa? cut to completion with various rosiriction 
enzymea. fractionatMl by agaro9« gel electrophgreflia (6 of DNA/ 
lane), and blotlcd tg Hybond N j^aper (Aiueraham Corp.) (17). The 
blot waa pitM^^ and hybridized m deacribod for Northern analysea. 
0.5, S* and 26 copy rwonatruciiona of the L3 cDriA clone were 
Included on each blot aa a poiitn-e control for detcrrainntion of the 
copy number 0/ iha gene in the mi'i** gonor»«. Can© copy roconainic- 
tlortt urtire baiod On n maize i{enonrioof4xlO* hdii palro and on the 
aaaumpUon the; mal^o haa a dip);7id gonome (10). 

'The ibbreviationa uaad are; DAP. daya atler polllneUDn; PHS, 
phoiphate-bultersd aaline. 



Transcription in Isohlcd Nwki and Pitter Myhridization-^Eoi' 
bryoQ were i&olated and homogenized in Uouid citrogen and then in 
buffer containing 0.44 M evcToae, (w/v) PicoU (M, 400,000), 5?B 
(w/v) dextran 40 iM. 40.000), 25 mM TTia-HCl (pH 7.6), 10 mM 
MgClg, to mM /J-mercaptocthanOl, 0.5?5 Cv/v) Triton X-lOO, and 2 
mM apermine. Nuclei wen isolated czo/jtly oa deKribed (20) by 
filtration through cheeaedoth and nylon iiesh, followed by PctCOlI 
gradient centrifiigation. Nuclei were waah fd twice in buffer contain- 
ing SO mM Trift-HCl (pH 8.0), 5 mM MgCJ,, 0.1 mM EDTA, and 2096 
glycerol. DNA wa» meaaured by a Ihwrcnietrio aaaay aa deacribad 
(21), except that the concentration of Hoechat 33248 ttagent waa 
reduced to lOO ng/ml. Nuclei were reyispended in tranacripUon 
reaction buffer containing 16^ glycerol, 20 mM Tris-HCl (pH 8.0). 5 
mM MeCla, 5 mM dithiothrBitol. 150 mW NH«C1, 0/4 mM CTP, 0.4 
mM GTP, 0.4 mM ATP, 1 mCi/ti\ [*-'^)UTP (600 Ci/mmol)» and 
300 mM heparin (22). Heparin preventa reinitiation of transcription 
and alflo preventa RNA breakdown by inhibiting nuclease activity. 
After irtcubation at 33 "C for fi min, 15 m« earner tRNA woa added, 
and RNA waa iaolatcd as previously deacnbed (23). Pilieia for hy- 
bridization were prepared by applying 1 tf\; of varioua cloned DNAa 
or nonrccombinant plaamid DNA to Hybond N p&pAr uaing a alot- 
hlot apparatus. The maize alcohol deby<i--OEenaae cDNA clone was 
the kind gift of Dr. David Ho (Wafthinf^on Univeraity. Sl Louis, 
MO). Filler* were hybridized to the isolaifd '*P-Iabeled tranaccipta 
and rinsed as previously deacnbed (24) find exposed to t-ny film. 
The autoradiograme wei« ecanncd with e Helena quick scan denai- 
tometcr. 

ItfiSULTS 

Tissue Specificity— 'T}ie diatribotiori of L3 protein in var- 
ioua tissues of the developing ac<jd (3^ DAP) was deternined 
by immunofluorcsccni microscopy using La-Bpecific antibod- 
iea, Fiff. lA ahow« that the L3 protein was localiied in both 
major part* of tha embryo, the acuteltuni and embryonic axis, 
Furthcrmorer the protein was also detected in the aletiione 
loyer , a nonombryo tissue that compri. ea the single outermost 
layer of endosperm cells (Fig. IB). )n contrast^ little or ito 
fluorescence wah detected in other i^onembryo tissues, the 
periderm and central endoaponn (Fif. IB). Similar seed sec^ 
tione incubated with pr«immune rabbit- antieer\*m showed low 
levels of nonspwific fluorescence (data not shown). 

VVe further examined tiwues of developing seeds {30 DAP) 
for the presence of 1-3 mRNA. Tho pteftdy-«t*te level of L3 
rpRNA was ineflsuwd by RNA blot oriolyaia uaing L3 cDNA 
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OS A hybridizotioji probe. Equal amounts of toUl RNA from 
the t'ollowin^f threp $AmpIe6 were analyzod; I) iBQlatdd embiyoe 
(scuteUa and embryonic axQs); 2) nonembryo seed liBBUca 
(embiyofl were removed from whole aecda* leaving peridorm, 
endoa;(^erm, and oJeuronc tiflauoa); and 3) nonembryo aecd 
tissues (ennched in periderm and alcurone, with both the 
embryoa and much of the central ondoeperm tiaeue removed 
from the whole seeds). The highest level of L3 mRNA ivaa 
found in the Uoloted embiyoB (eumple 1, Piff. 2» t&ne 4). 
However, JL-3 mRNA was qIao detected in tionembtyo eeed 
tiasuea (sample 2) at about X% of -he level in embryos {Fig. 
2B, lane €). When the sample was enriched !n p€nd«rm and 
aleurone by removal of central endosperm (sample 3), the 
level of L3 mRNA increased to abou 1 5% of that in the embryo 
(Fig. 2B, lane 5). Theae data indicAt£ that L3 mRNA accu- 
mulatCB to a high level in enibryc^-^. but is also present in a 
subset of nonembryo aeed tiaauea, presumably the aleurone. 
Thus, both L3 mRNA and L3 protein accumulate in the 
embiyo of the developing seed. 

We have also measured the 6ieady-stAt6 levels of L3 mRNA 
in a variety of nonseed tissues to d?tormine if the expression 
of the L3 gene la epecific to &eed tissues. L3 mRNA was not 
detected \n any nonseed tissue examined, including pollen, 
silks, shoots and roota of G^day-old ^eedlin^, or unfertilized 
ovaries (Fig. 2A). Baaed on the senisi tivity of the blot analysis, 
we estimate that the mRNA level in each of these tissues 
ia lesd than 0.5% of the hi&hest l^^vcl in seed tissue. 

A. 
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B. 
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Fig. 2. Tioaua vp«iineUy of US ntRNA, A Northern bloL of 
t&loi ANA Trom the folJ owing majzo lUAu«e wa4 hybridized la a nick - 
tranitlfllcd itoltM Inttcft of Uie L3 cDNA clone. A\ hn^ pollen; 
Icf'O^ 2, growing nilka; lane 3, unfertilized ovarie*; i^ne 4^ embryo* at 
-30 DAP (Mtmple 1): 5, 9««da tninua embTyos nnd inoatof cozttrnl 
«ndiMperni at ^^30 DAP (mtdpU 3); 6, »c«da ninuB embryo at 
"'30 DAP (riAi^ple 2); iarxe 7, grwn ahroia from C-dAy-old sMdlingsi 
toM 8. lOOtt from 6-d«y*0ld Mcdiingii; lane 0, embryu from mnluro 
Rwi. Lane 10 ahowfl the migration of ^'P-Ul)eled ^Xl74 npllcaliva 
form DNA cut with lh« refttrtctlcrfl f-itrymo HotilV Thft Tint fotir 
bflhitr from ii)p to boilom, reap«cliv«l>>. Arc \%hX )0?$, B72, vnd <K)3 
bu« poi;* lon^, portion of the iiArnc blot ohown above etposed 
to Tilm 10 limiif lonffcr U> Bhow mihOr lA tnRNA banda In itfnct S 



Temporal Regulation^The temporal pAttcrn of L3 gene 
expreeeion was exennined by measuring the relative steady- 
state levels of L3 mRNA in maize embryo5. &t differev^t atag«s 
of eeed development and f^erAtination. Total ceUular RNA 
was examined by RNA blot unulysiB ualnL' equal amounta of 
total RNA per lane and L3 cDNA aa a hybridisation probe, 
and the results ace ehown in Fi^. 3. The rclaiWe levele of L3 
mRNA per unit of total RNA aa detormincd by dentotometric 
scanning of outoradiographe are plotted in Fig. The L3 
mRNA levels were highest at appro jtimr-.tely 2$ DAP and 
declined slou^Iy to approximately 20% of the peak level in 
mature aaed embryos. L3 mRNA r^maine^ at approximately 
this same level during the first day post-imbibition and then 
declined precipitouely to an undetectable isvel at day 2 post- 
imbibition. The meBsage was not detected in the scutella at 
any later time point in seedling growth, Tb ?se results indicate 
that the level of L3 mRNA accumulation is tightly regulated 
during seed development, germination, «ad early seedling 
growth. 

No Amplification oftheLS Gene—U mRNA is an abundant 
message in the developing embryo, but is not present In 
detectable levels in the seedling and many mai^e tissues. It ia 
possible that the high L3 mRNA level in the developing 
embryo is due to a developmental ly timed and tieauc-apecific 
ampliFication of the L.3 gene. This poaaibility was eacamined 
by comparing the L3 gene copy number in genomic DNA 
from developing embryos and seedllnja. Genomic DNA was 
isolated from embryos At 30 DAP and 6-dfly-old aeedllngs. 
The DNA was cut to completion with the restriction enzyaje 
ficoRI ond analyzed by Southern blot analv-sia using L3 cDNA 
as probe. The L3 cDNA probe hybridize<; to the same four 
bands at approximately the same intensity in DNA from 
either developing embryos or seedlings (Fifr. 5). The L3 gene 
copy number was estimated at 1-4 copie.^/^aploid maize ge- 
nome based on reconstruction with known amounts of cloned 
DNA (Fig. 5) and cn similar analyses usinc five other restric- 
tion enzymes (data not shown). These anp.Iyses indicate that 
the L3 gene ia preaent in the genome at a relatively low copy 
number and ia not ampUfted or dram ati rally rearranged in 
developing embryoa where the mRNA accumulates to a high 
loveK 

Transcription of Z-? Gene during Seed DevelopmenC'-We 
examined the role of gene transcription in regulating the 
developmental changed in steady-state If^vela of LA mRNA, 
The relative level of L3 gene transcription at various stages 
of seed development was determined by rvn-off transcription 
in isolated nuclei. Emhiyoa at foi^r developmental stages (19, 
26, 31, and 40-45 DAP) were isolated and frozen in liquid Nj. 
Nuclei were isolated by Percoll gradient ientrifugation and 
incubated in the presence of [**P1UTP und?r conditions which 
allow completion of nascent transcriptSw Total incorporation 
of (*^P]UT'P per unit of DNA in the trance ription reaction as 
determined by trichloroacetic acid precijiitation was fairly 
constant at the three earlier time pointa 102, and d6 x 
10* dpm/pg of Dl^A, respectively). However, total incorpora- 
tion of l'*''P]UTP p6t unit of DNA was reduced 3-4*fold (25 
X 10* dpm/Mg of DNA) in nuclei from older embryos (40-45 
DAP). The decrease in total transcription t;? nuclei from older 
embryos probably reflects the fact that the- aeeda are dehy- 
drating and becoming dormant at this dpvolopmenul stage. 

The relative level of gene tranacHption in nuclei at each 
developmental stag^ was quantitated. ift&Ti scripts from oach 
reaction were hybridized to LS cDNA anri nonrccombinant 
plasmid DNA bound lo nybn papen Th^ rclaUvr level of 
hybridization to L3 cDNA wa» ouantital^^,: by autoradiogm* 
phy and denaitomctric ftcanning. Nonspecific hybridization to 
plasmid DNA was negligible. The relative' lev^l of L3 gene 
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Fig. 3. Temporal M^ulAtion of ateady-ntAt^ leveU of L3 
mRNA during taai£0 seed d«veIopmcnt and germmatiaEi. A 

Northern blot ia shown of total KNA (7 isolated from 

emhryes at the follourin(( timod during 6«ed dAvalopment and gvirni- 
nation and hydridizcd to a rick-tranalated iaoUted infiert frozQ the 
14 cDNA cIqw: ^ 18 DAP; 2, 25 DAP; 3, 31 DAPi /afw 
4, 40-45 DAP; 5-10, l through 6 days, respectively, after 

imbibition. 




20 25 ^0 35 

Day* tii9T pollination 

Fio. 4. Time courM of L3 mRNA accutnulatlon and LA gDoe 
tv&dfcrlptlon durLbff toed d«V«loi»mettt. A, relfttive levela of L3 
RiRNA per Unit of tOLHI FIN A as d«L«nnined by denaitoniBtric BC&n- 
flinf of tbo Northern blot cbown in Fig. 3; B, relative UveU of C<3 
S«no transcription p«r unit of DNA in run-olf tranKxiption asftay* 
uilng iftolfltod nuclei from e^nbryoa at the fwr indicaUd iimeB after 
poltmntion. TrAnscripU Were hybridi^ to L3 cDNA bOUhd to pap«T 
and (|uantiuted by auiorodio^epKy and dflnflitoiretric acnnning. Th& 
amount of DNA in each tfon^cfiption reaction was lueflflured fluoro- 
metricMly. 

Uan»criptloi> par unit of DNA at each time point is plotted 
in Fig. 4B. At the three earlier time po»nla, the relative level 
of L3 gene tranecription changed nearly 5'fold, wher^aa the 
toUl tranacripr^^on remained nearly conat^itnt. This BUggaQta a 
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FiC. 6. Southorn aaaJyaia of gene copy number In ge- 
nomic DNA from embryo* of dc veloplntf eeeda and young 
Beedlingv, Southern bloc BnalysiB ib shown of DNA iaolaied from 
developmg embryos at ^30 DAP (bru! D) or 6-day-old ace^inga i^ane 
C) and cut with the restricUon enzyme EcoRL RraocBtnictioiu ebow- 
ing 0.6, 5, and 25 gona copy e^uivalc^u/haploid maisa ^nome wen 
mado vith liii«arii*d L3 cDNA p|Miy=id DNA and «ire ehown to the 
right, 

specific modulation of L3 gene irAnscriptlon. At the latest 
time point (40-45 DAP), the rel'itivc level of L3 gene tran- 
scription decreased further to n-^arly 12-fold lesa than the 
peak level. However, thU latter ducreaae in L3 gene transcrip- 
tion is due in part to the nonaf'Ccific a-4-fold decrease in 
overall level of tranacription in the older embryos. The pattern 
of L3 gene ttanacription during seed development parallela 
that of steady-etate L3 mRNA levels shown in Fig. 4A. This 
r«ftult suggests that the level of U mRNA in developing 
embryoe is regulated, at least in part, by the level at which 
the L3 gene ia Uftnacribed. 

£^f^t of Bxos-"-— Ahscisic Acid cn L3 Gcr^e Expression^ 
The plant growth regulator absci>'ic acid has been implicated 
in the regulation of gene e]cprewi'>n during eeed development 
(2, 25). In particular^ abaeiaic acid ie thought to be important 
in maintaining embryogeny and in auppresaing germination. 
When mature maiie eeeds wei* allowed to imbibe in the 
presence of \(3r* u abaciaic acid, leaa than 2% of the seeds 
germinated. The percent gemiration increa&ed to 50% at 
10"*^ M abacisic acid and 98% *t 10^ U ab$ci$ic acid. To 
determine if abecieic acid aloo iiffecta L3 gene eipreaaion, 
aeedfl were allowed to Imbibe '^n the prcaence of vaxioua 
concentraUons of the eiogenou? absciaic acid. The ateady- 
etate level* of L3 mRNA were mepflurcdby HNAblot analyaia- 
Seeds imbibed in water (or in IC^ M abaciaic acid, dau not 
shown) germinated normally, anrt L3 mRNA was present at 
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12 and 24 h pofit-imblbition anr! than declined to an unde- 
tectable level at 4B h and was not detected at any later time 
(Fig. 6: Bee also Fig. 3). In contra^'tr moat of the seeds imbibed 
in 10'^ M abscisic acid failed tc germinate, and the nonnal 
dt^velopment decline in the L3 mHNA level at 48 h post- 
imbibition waa prevented (Fig. 6). At XQ-" M abwiflic acid, 
only obgut one-half of the seedc fr^nniineted* The level of L3 
mRNA declined nofmaUy in those that germiuat^d, but fftilod 
to decline in the remaining seeds that did not germinate (cUita 
not shown). Thua, seed germination is coupled to the devel- 
opmental decline in L3 gene eipregsion. Furthermore, exog- 
enoua Bbaciaic acid, either directly or indirectly, aupprcssea 
germination and extends the developmental time ccuree of L3 
gene exprefieion. 

We exammed the role of L3 gene tra::scription in regulating 
the e:<tended period of L3 eoBNA accumulation in abvciaic 
acid-imbibed aceda. The relative level of 1.3 gene tranecription 
in maize embiyoe fiom mature seeds imbibed in the presence 
or abaence of abscisic acid wa& determined by run -off tran- 
scription in Isolated nuclei. Seeds ^ere imbibed in water or 
10^^ M abacisic acid, and embryos were isolated 48 h after 
imbibition. Nuclei were isolated and incubated in the presence 
of ["P]UTP. The total incorporation of ["P]UTP per unit of 
DNA in the transcription reaction was approximately the 
same for nuclei with or without abacisic acid treatment. Fig. 
7 shows that the proportion of transcriptional activity devoted 
to L3 gene transcription was at least lO-fold higher in embiyod 
idolated from aeeda imbibed In abscisic acid than in those 
^m seeds Imbibed in water. In contraet* the proportion of 
transcriptional activity devoted to the alcohol dehydrogenaaa 
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Pig. 6. ZTZ^imit or abeclsic acid on the steady-state level of 
L3 m^^NA in malxe embryM during e«ed gevmination. Touil 
RNA VOB i&cUted frou ocutelU ot the following tireee aftor imbibition 
of matiu« seed in either 10"* M ab»cieic acid or water (-i* 5/) 

and exvaiDed by RNA blot analyaie: lane /, 12 h; (ane 2, 24 h; Umc 3, 
48 h] tone 4,l2K Equal amounts of RNA were nm in each lone of 
tun Ssoroofl gcl, and all tb& ftAEDplw were run on the Aama gel and 
blotted and hybridized together. The poaiticn of L3 uiKNA ie indi- 
cated. 
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KlO. 7, Effect of nbaeUlc add on truioHtiLtoa Ld 
Lb ImUImI naelftl from duUm «mhryO« durtqg teed (^rmlu* 
tJon. 9e«di won Imblbod In tht pMKtnu ot 10~* M ■b9ci«vc acid 
(-t-ABA) Of watflf {-ABA) for 46 h. Bnibryoa worfl rdmov«d« and thotr 
nijclol were Uoliled and incubated in the pr«Mrc« of |*'PjUTP und«r 
conditions which allowed th« flongalion of nascent iruiicriplQ* Equal 
nvinb«ir of counts [ncoEfiQr«ted Into ihe run-off iTunMript* w«rc 
hyforifilzad iq jdcobol d«hydn>g«nii*a (AX7//>, LAj or Tionrecombinant 
pUlmid DNA {PUC'8) Nxtnd to pAppr. 



gene waa nearly the some in water- or Hbacinc acid-imbibed 
geedfl. Little or no nonepecifJc hybridiia-ion to plaamid DNA 
was noted These data indicate that the elevated level of L9 
mRNA in ebscieic acid^iwbibed eeedft h due, at least in part, 
to the continued tranacription of the gene. 

DiscueaioN 

L3 protein accumulates in the embr^-o and the aleuronc 
layer of developing maize seed. Northim analyeea indicate 
that L3 mRNA aleo accumulatea to a high level in the embryo, 
suggeeting that Ld protein ja ayntheaii&ed and accumulates in 
the same cells. The mfiuor triacylglycerol resGrvca in the maiae 
seed have been localized to the embryo aitd aleurone tissue 
by hifltocbemical staining (Sa). Tbeee nudiuge suggest that 
Xi3 ie unique to lipid bodiea and that the lipid bodies in 
acutellumi embryonic axes, and aleurore are probably bio- 
chemically similar. 

Our eKperimental reaults indicate tbat the L3 gene ia a 
member of the eet of genes whode expr<'*s3ion is increased by 
abscisic acid. Like many other plant genee whose expresfiion 
is enhanced by abscisic acid (27-30), the L9 gene ie expressed 
only in the embryo and aleurone tiosue during seed develc^- 
ment. In several caaee, abecieic acid'enhanced protein accu* 
mulation haa been correlated with increased levels of the 
aasociated mRNA (for eatample, see JUh. 31.-34)* However, it 
is not known if the increased levels of mRNA are dua to an 
effect of abscisic acid on gene transcrii^^tiont RNA stability, 
and/or RNA proccsaing. Our experimental results show that 
exogenouely applied absoiBic acid increiisea the Rteady-state 
level of L3 mRNA by incteaaing the kvel of L3 gene tran- 
scription. 

L3 gene expression is not only tisc'.ie-specific, but also 
developmentally regulated. The steacIy-sUte level of L3 
mRNA is modulated during seed development, increasing in 
early stages and then decreasing as th:; ^eed matures. This 
modulation in mRNA leveU i9 controlled, at least in part* 
by changes in the level At which the LG gene is tranacribod. 
Changes in the stability or procefisin^ 0/ L3 mRNA may also 
be involved, and this was not ruled out. < t is possible that the 
epecijElC developmental changes in L3 erne tranacription are 
regulated by the endogenous abaciaic acid concentration in 
the embryo. Interestingly, the concentration of endogenous 
abscisic acid in the maixe embryo has recently been shown to 
peak and decline with a time course similar to that of L3 
mRNA accumulation (35). 

The mechanisms which control L3 jene expression are 
different ftcm those regulating the e/.;..<resflion of teins, the 
m^*or storage proteins in maize. The r^inB are encoded by 
large mulUgene families (1), whereas L.'^ protein le encoded 
by only one or a few genes. In addition, the zeins and L3 
protein are expraased in diflerent tissues and with different 
developmental time courses. The ^eins p-tc found only in the 
central endosperm (36), whereas LS protein is confined to the 
embryo and aleurone tiaeuea. Both the reins and L3 protein 
ais expreaaed at their highest level during early aeed devel- 
opment. However r sein gene expresaiori ceases as the seed 
matures and the endosperm dies. In contraat, L3 gene erpres- 
Bion continues at a low level through the first day of germi- 
nation. Our data show that the level of L.3 g«nfl tranKription 
is incr«aeed In thi presence of exogenous abscisic acid. Ab- 
aciaic acid has not been implicated in tho regulation of xein 
geno oxpreaaion; rather, a tremendous pndoreduplicaiion of 
the nuclear DNA in the central endoepe^m may pUy ■ role in 
regulating the developmental accumulation of zeins <1, 37). 
Thus, although both L3 and «ein genoe m involvod in aeed 
storage metabolismt they differ with regard to gene copy 
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number, tieeue BpeciHcity, limo course of expresaion^ and 
mechaniBius o£ gene regulation. 
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ABSTRACT 

One ot Ihe most abundant proteins in maizo (Zea mays L.) 
emlJ^t>a is the molecular weight 63,000 globulin encoded by the 
GIbl 9en«. To obtain ONA clones corresponding to G/Dt, a cDNA 
fil9rary corresponding to RNA from developing maize embryos 
was constfucted in a lambda enproasion vector and screened 
with antibodies specific for Gtot-encoded proteins, Here we re- 
port the complete nucleotide sequence, as determined from two 
Gveriapplng clones, of pcGiblS. a 2009 base pair clone containing 
the entire translated region of G/b7. The deduced amino add 
sequence of pcGlbIS snD%v» simiiarHies to 7S-type seed Storage 
proteins of wheat and legumes. Southern blot analysis of maize 
DMA confirms previous genetic studies which had indicated Ihe 
presence of a single copy of GIbl per hapioid genome. Northern 
blot analysis indioates that Gl(>1 transcripts are present through- 
out most of embryo development and that expression of this gene 
is limited to seed Ussucs, Embryos homozygous for a Gfbl null 
allele, in which C3/bf -encoded proteins are not detectable, contain 
low levels of G/bf tranacripts which are a different size from ihose 
encoded by functional alleles. This suggests that the defect In 
the null allele is at the level of gene transcription or RNA proc- 
essing. 



Maize embryos contain Iax»e amounts of saline-soluble, 
water-insoluble proxeins called globulins. The major globulin 
component, a mol wt 63,000 protein designated GLBl (for- 
merly PROT) (10), is one of the most abundant protems in 
mature embryos. GLBl has no known enzymatic function 
and is currently believed 10 serve as a storage protein (8). 
Genetic analysis of GLB i variants indicated ihat this protein 
is encoded by a single gene, Glbl (for Globulin- J), on the long 
arm of chromosome 1 (22). Several alleles of this gene, 
including a CRM" null,^ have been described (17, 22). AlleUc 
polymorphism of (r/f>i -encoded saroteins is observed as a 
function of mobiliiy in SDS-PAGE. The three most com- 
monly occuring Glbi alleles have the designaiions L, /, and 
5, for Large, Intermediate, and Small proteins, respectively. 
By convention, the protein product of each allele is mdicate<i 
in the upper case (e^. Qlbl-S encodes GLBl-S). Pulse-chase 

' This conrribution from the Univertity of Illinois Agriculiural 
Expcrimeni Station wa$ supported by grams from The Standard Oil 
Company of Ohio, a wholly owned subsidiary of BP America, Inc., 
and the U.S. Department of Agriculmre Compeutivc Research Grams 
Omce (No. 88-37262-3427) lo A. L- K- 

2 Abbreviaiions: CRM, cross-rcAciing tnaierial: DAP, days after 
pollination: ds, double-Stranded. 



radiolabeling and in yhro translation experiments have indi- 
cated that at least three protein-processing steps occur in the 
formation of the mature protein from the primary translation 
product (10). The final processing step is controUed by the 
unlinked gene Mep (chromosome 5, near Pr), and\embfyos 
homozygous for the recessive mep allele accumulate the proc- 
essing intermediate GLBl' (10, 22). We have reotJ^xtly re^ 
ported on additional characterization of maize embryo rfob- 
ulins (8). 

Her« we report the isolation and characterization of a fulJ- 
length^ cDNA clone. pcGlblS/ corresponding to the S allele 
of the Glbl gene. Using this done as a probe, we l^ve 
determined that expression of the gene appears to be limited 
to seed tissues and that embryos homozygous for the null 
allele contain small amounts of transcript corresponding to 
GlbL 

MATERIALS AND METHODS 

Materials 

Embryos homozygous for the Glbl-L and Glbl-S alleles 
were obtained from field-grown plants of the maize {Zea 
mays L.) inbred lines W64A and Va26, respectively, as pre^ 
viously described (8). The Glbl-O nuU allele was originaUy 
identified in a Black Beauty popcorn line (22), NitroceUulose 
and Magnagraph nylon membranes were obtained from Mi- 
cron Separations. Inc. (Westboro, MA). Random priming 
kits, a cDNA synthesis kit, EcoKL, T4 DNA ligase, SI nu- 
clease, and protein and RNA mol wt standards were pur- 
chased from Bethesda Research Laboratories (Gaithcrsbuig, 
MD). LambdaZAP vector arms, Gigapack packaging extracts, 
and exonuclease Ill/mung bean nuclease deletion kits were 
from Stratagene (L^ Jolla, CA). [a.^=»P]-labeled dATP (3000 
Ci/mmol) was obtained from New England Nuclear (Boston, 
MA). 01igo(dT)-cellulose (type 7) was from Phannada. Inc. 
(Piscalaway, NJ). 

Preparation of GLBl -Specific Anttserum 

GLBl-S was fractionated from whole globulin by cryopre- 
cipitaiion (8) and stored at 4*C as a suspension in distilled 
water at a concentration of 2 mg/mL. A volume of- the 
suspension equivalent to 600 /ig protein was emulsified jw^ 
an equal volume of Frcund*s complete adjuvant and inj^pted 

^ The tcntt full-length as used here indicates that the cDNA ^onc 
contains the entire translated rcgiofl of the gene. ' \ 

* The GcnBank accession number for pcG)biS is M24845, 
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abcutaneously imo multiple sites of a lO-week old New 
:eajand White rabbit A second inoculation of 300 i" 
, in Freund's incomplete adjuvant was administered 2 wetdcs 
atef. Blood was collected firom the marginal ear vein 3 weeks 
■ftef the secondary inoculation and serum was prepared from 
he blood by standard methods. 

'rotein Extraction and Immunoblot Analysis 

For analysis of total proteins from imbibed mature embryos 
8) kernels were soaked overnight in water and embryos 
excised from the softened kernels with Uie aid of a sharpened 
ipatula. For developmental analyses, fidd-grown ears were 
mnsportcd to the laboratoiy and the crowns of the kernels 
vere sliced off with a sharp knife or scalpel blade. Embryos 
;«eTe removed from the kernels with a small spatula, imme- 
Jiaiely frozen in liquid nitrogen, and stored at -70X untjl 
needed. Individual mature embryos were macerated m 1 mL 
SDS sample buffer (2% [w/v] SDS, 50 mM Tris [pH 6-8] 5% 
fv/v] 2.mercaptoethanol, 10% [v/v] glycerol) at a ratio of 50 
mg/mL (frtssh weight) directly in 1-5 mL microcentnluee 
tubes with the aid of a fitted pellet pestle (Kontes Scientific 
Glassware, Morton Grove, IL). Extracts were heated to 100 C 
for 2 min, ccntrifuged at 13,500^ for 5 min, and immediately 
jubjected to SDS-PAGE as previously described (8). Five 
of each sample was applied to a 12.5% polyacrylamide gel 
and subsequently electroblotted onto nitrocellulose by using 
a semidry blotting apparatus (PolyBlot; American Bionetics, 
Hayward, CA) according to the manufacturer's specifications. 
Immunoblot analysis, in which GLBl-specific antiserum was 
used at 1:2000 dUution. was performed as previously de- 
scribed for analysis of maize zeins ( 1 3). 

IJucteic Acid Isolation and Get Blot Analysis 

Total RNA was isolated from frozen tissue by uang the 
guanidine-HCl method described by Cox (3). For Northern 
blot analysis. 10 of total RNA was subjected to electropho- 
resis in formaldehyde agarose gels and ttansfeited to either 
nitroCfeUulose or nylon (Magnagraph) membranes as de- 
scribed by Selden <23). Hybridization conditions were as 
previously described (9). 

Isolation of maizft nuclear DNA from unfertihzed ears and 
Southern blot analysis were performed as pixrviously dcscnbed 
(9) except that Magnagraph membranes were used as the 
transfer medium. Samples for gene copy-number reconstruc- 
tions contained £coRI-cleaved DNA from a genomic clone 
corresponding to Glbl-L (our unpublished data). For bo* 
RNA and DNA blots, the transferred nucleic acids were UV^ 
linked to the membtanc by using a Stratalinker 1800 appa- 
ratus 

For use in hybridizations, the cDNA insert was isolated 
from the plasmid clone by EcoKL digestion, sepamion on a 
1% agarose gel, and binding of ihe fragment to NA-45 paper 
(Schleicher and Schuell. Kccne, NH) as recommended by^ihc 
manufacturer. The isolated insert was labeled with (or- P] 
dATP by using a commercial random priming kit (BRL). 



Constmclion and Screening of an Embryo-Speciftc cDNA 
Library 

To obtain cDNA clones corresponding lo Gib J, a librari^ of 
cDNA seqaences was prepared in a bactcrioph^e X-expres- 
sion vector. Total RNA was prepared from 27 DAP embryos 
of the maize inbred line Va26 (GlbJ-S/S), Polyadenylated 
RNA was fractionated from total RNA by oligo(dT>^llulose 
chromatography (1). First and second strand cDNA synthesis 
wai perfonncd by using a commercial cDNA synthesis kit 
based on the RNase H procedure of Gubler and Hoffman (4). 
The ds cDNA was protected from EcoRl cleavage by treat- 
ment with EcoKl meihyteftc, and EcdRl oUgonucleotide link- 
ers (both from New England Biolabs, Beverly, MA) were 
added to the ends of the ds cDNA with T4 DNA Ugase. 
Subsequent to linker cleavage with EcoKi, excess linkers were 
removed by passage through a NACS Prepac column (BRL) 
as described by the manufacturer. The ds cDNA was ligated 
to the arms of the expression vector LambdaZAP, packaged 
by using the Gigapack system, and the resultant recombinam 
phage was used to infect the Escherichia coli host BB4. The 
primary library consisted of approximately 500,000 clones 
which were obtained from an estimated 0. 1 fi% of ds cDNA- 

The initial plating of the library was screened by prepanng 
niiroccUulose replicas of the plates by the plaque-lift technique 
as described by Huynh et al, (7). Filters were agitated m a 
solution of TTBS/1% (w/v) nonfat dry milk (TTBS: 50 mM 
Tris (pH 7.4] 0.15% [v/vl Tween-20, 140 mM NaCl) for i h, 
ihen transferred to a solution of CLBl^specific antibody 
(1:500 dilution in TTBS) aod agitated overnight. Immuno- 
reactive clones were detected as for the protein immunoblots. 
Plaques were picked, plated, and subjected to three additional 
rounds of screening. Of 10 initial plaque picks, aU continued 
to yield positive leactions after the final screen. The cDNA 
inserts were excised from LambdaZAP as rccombmant 
pBluescript SK(-) plasmids according to the manufacturer's 
protocols. Rescreening of the library with a radiolabeled probe 
was e^ntially as described by HuynH et al (7). 

DNA Sequencing 

For nucleotide sequence analysis, the cDNA inserts in 
pBluescript wei« subcloned into M13 mpl8 and mpl9 (30) 
to obtain inserts in opposite orientations. Overiapping unidi- 
rectional deletions corresponding to either strand were pre- 
pared from the appropriate Ml3 clone RF by using a com- 
mercial exonuclease ni/mung bean nuclease deletion kit 
(Stratagcne). The deletions were sized by using a rapid SI 
nuclease procedure (16). Didcoxynuclcotide sequencing (21) 
of single-stranded templates with a modified T7 DNA polym- 
erase (Sequenase) was performed by using a commercial 
sequencing kit (United States Biochemical Corp., Cleveland, 
OH). The deoxyguanine triphosphate (dGTP) analog 7-deaza 
dGTP was used to resolve GC compressions. Analysis of 
DNA sequences was performed on an IBM PC AT with either 
IBI/Pustell Sequence Analysis sofbvare (International Bio- 
technologies Inc., New Haven, CT) or DNASiar programs 
(DNASxar, Inc., Madison, WI). 
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; ♦64 

+154 
♦334 

♦6^ 

*1Q54 
*1144 
*1234 

*UU 
'1504 

V 



c=c*c«cccga«:atat£am«tg*«ct*«cg atc crc a«c gcc aca atc ctt gtc crc ctc «c crc ctc ct* tgc «t gcc g« oca gtc 

TCG TCC rc« SAG OAC GAC AAC CAC CAC CAC CAC GC« OOC CAC AAG TCt 6G6 CGA TCC 6T0 COG CGG ISC GAG GAC CCG CCC TGC CAC CAG 

S5UEDDI|HHHMGCH<SGRCVKKttUnr-n 

CCC CCC CGG TGC era GAG CAG TGC AGO GAG GAG GAG CCG GAG AAC C6G CAA GAG CGG AGC AGG CAC GAG GCC CAC GAC CGC ACC GCC GAE 
(PR.CLEOCREEEREICROERSRHEADClRSCe 

CDC TCG TCG gag CAT^G AG CCC GAG CCC QAG CAC 6*G AA8 CAG GAG AAG CAC AAG GAC CGC CGG CCG TAG CtG TTC GAC CGG CGC AGC T.T 

CGT CGC GIG GTC CGG AGC GAG CAC CGG TCC CTG AGG CTG CTC CGG CCG TTC GAC GAG CTG TCC AGC CTC CTC CGC QGC *TC CGG GAC T« 

CGC CTG GCG GTC CTG CAG CCG AAC CCG CGC TCG TTC GT6 GTG CCC *GC CAC ACC GAC CCG C*C TGE^ATC GCC TAC CTG GCG GAA CGC GaO 
l,VA(/L6ANP«$fVVPSKTDAHClGrVAB6t 

CG* GTC GTG ACC ACG ATC GAG AAC CGC GAG AGG CGG TCC TAC ACC ATC AAG CA. GGC CAC GTC TTC GTG GCC CCG GCC CGG GCG GTC ACC 
OVVTIlEMGElBSYTlKllGMVfVAHAtitvi 

TAC CTG GCC AAC ACC CAC GGC CCC AAG AAA CTG GTC ATC ACC AAG ATC CTC CAT ACC ATC TCC GTC CCT GCC GAC TTC CAC TTC TTC TTC 

GCC CCC GGC GCG ACC AAC CCG GAA TCG TTC CTG TCG AGC TTC AGC AAC AGC ATC CAC AGA GCT GCC TAC AAG ACC TCG AGC CAC CGG CTG 

GAG AGG CTG TTC GCG AGG CAT GGC CAC GAC AAC CGG ATC ATC GTG CGT CCC ACC C*G GAG CAS ACC CGC CAC CTG CGC CCC CAC GCC TCC 

GAG GGC GGC CAC GGC CCG CAC TGG CCC CTC CCG CCG TTC GGC C«G TCG CCC GGC CCC TAC AGC CTC CTG GAC CAG CGG CCC AGC ATC GCC 
ESGHGPMWPLPPfCESROPYSLLDaiiFSl* 

AAC CAG CAC GGG CAS CTC TaC SAG GCC SAC GCG CGC ACC TTC CAC GAC CTC CCC GAG CAC GAC CTC AGC GTC TCC TTC GCC AAC ATC ACt 



CCG GGG TCC 
AGS 



"i^lAGC GCG CCA TTC TAC AAC ACC CGT TCG TTC AAG ATC GCC lAC GIG CCG AAC GGC AAC 6CC TAC GCC GAG ATC GTC TCC 



CCC CAC CGC CAG TCC CAG GGC BSC GAG AGC CAG CGC GAG CSC GGC AAG GGC AGC AGS AGC GAA CAA SAA GAA GAA TCC TCT GAS GAG CAG 
PHRBSOOGESERERCKGRRSEBEEESSEEO 

GAC GAA CTC GGG CAG GGG .AC CAC ACC ATC CGG GCG CCG CTG TCA CCC CGC ACG CCG TTC GTG GTC CCC GCC CCC CAC CCG TTC CTC GCG 

GTC GCG TCC COG GAC AGC AAC CTC CAG ATC GTG TGC TTC CAG GTC CAC CCC GAC ACS AAC GAG AAC GTG TTC CTG GCC GGC CCC GAC AAC 

CTC CTG CAG AAG CTC GAC CCG GTC CCC AAG GCG CTG TCA TTC GCC TCC AAC GCG GAG GAG GIG GAC GAG GTG CTC^GGC TCC CGG CGC C« 

AAC CCS TTC CTT CCT GGC CCC AAG CAG AGC 6CC GGC CAC GAC GAG CCC CAG CAC SAG GAG GAG CAA CCC GAA GAA CCC CAC CCC CCG COT 
lt(;F LPGP>:ESGGHEEReaE6EEREE8H06R 

CCG GAG ACG GAA CCC CAC CCA CGT GAC GAG CGC CAG AAA GAG GAG GAG GAA CGC GAA GGA CCC CAC CGC CCC GGG CCC CGC 0.0 GAA CTG 
jEjegHG^EEREKEEEEREGRHORGRREfcV 

CCG GAC ACG CTC CTG AGG ATC GTG ACC GCC ACC ATC TGA OGCCGGCCGTOCTCGCCAAAACOAGCAGGAAGCAACOAGAGGGTCGCCCGCGACCCACOTCCCIACCIA 

v/^etlliimvtarm* 

GCATGAGCCTGAGTCGAOACGITCGACCTGTATCTATAIACCTCTCTGCGTCTTAACTATGTACOTAAGCCGCAGGCAGTCCAATAAGTGTGGCTCTGTAGrAlGTACOTGCGCGTACCAt 



.191J GCICTAAGCTACT0A0OCAACTCCAI4fl4lAAAIAAl6ACACCTGCGTOTTCTArAAAAAA t1973 

noure 2. Complete nucteotWe and deduced amino acid sequence of pcGlbiS. The sequence from nuctejtide positions -36 to +169 was 
Srtn^ *rt«ly from pcGlbl S. and the sequence from positksns +1 90 to +1 973 was detewined from pcAl . The reflion of overlap described 
Jr^feSSS S ton ;i90 to +2^5. The open reading ffame extends from nucleotide positions +1 to +1 719. The TGA termhabon 
^^SSTtJt^aSlTT^ deduced amino aSrse<^encefromposW^ 

^ NW-^amino add sequence detennined directly from GL61-S (8). An AT-rloh region at positions +1937 to +1949 (unden,nea)js 
S^SlerS^te aTt^tiafpS^ation site.. Proposed sites for potential s(gnsl peptide deavaaa are indicated by the two mo^. and the 
prop^site tor Afep^talyzS cleavage is Indicaled by an arrowhead. The internal methionine rescue detected by CNSr cleavage (10) .s 
boxed. 
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Tabl# I. OeducGd Amino Acid Compo^ions of GIbl-S G&n& 
products 

Values were dQtermined from the pcGlbIS nucleotide sequence in 
thfl indicated rcgtons 

Anilno Acid Position 
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No* 00 














76 


Arg 


1 0 i 1 
1 fi- 1 1 


59 


12.57 


72 


uiy 




40 


8.90 


51 




/»t>U 




7.85 


45 


Vai 


7.39 


36 


7,53 


42 


Ala 






7.50 


43 


Leu 


5.75 


28 


5.76 


33 


Pro 


4.52 


22 


4,19 


24 


Phe 


4.52 


22 


3.84 


22 


Lys 


4.11 


20 


3.64 


22 


His 


3,90 


19 


4.54 


26 


Gh 


3.70 


16 


3.66 


21 


Asp 


3,49 


17 


4.01 


23 


Thr 


3.49 


17 


2.97 


17 


lie 




16 


2.97 


17 


Tyr 


2.46 


12 


2.09 


12 


Asn 


£.26 


11 


2.09 


12 


Trp 


0.21 


1 


0-62 


3 


Cys 


o.ea 


3 


1.40 


8 


Met 


0.62 


3 

467 


0.70 


4 

573 



■ Cofreaponds to GLB1-S. 
tion product. 



^ Cofresponds to primary transla- 



hydropbobic 




100 
hydrophlllc 



300 

residue number 



Rgure 3. Hydropathy ptot of deduced protein sequence of GLBi-S, 
This plot was generated by using the algorithm of Kyte and Dodittle 
(12), as svppHed with DNAStar sequence analysis programs, using a 
window of seven amino acids. 

sponding to the 2 1 N-tenninal amino-acids. This hydrophobic 
region is similar lo the general charactcrisiics of transmem- 
brane peptide signal sequences (28). In particular, this region 
has a high degree of homology with the presumed signal 
sequence of aleurainc, a secreted thiol protease from barley 
aieurone (20), The two most likely sites for cleavage of the 
presumed signal sequence (Fig. 2, arrows) were predicted by 
the weighted matrix method of von Heijnc (26). To conform 
with standard designations for processing imermediates which 
contain signal sequences, the primary translation product will 
subsequently be referred to as preproGLBT and the short- 
lived in vivo precursor, previously referred to as preGLB 1 ' 
(10), will be designated proGLBl'. 



Genomic Representation of Gibl 

Genetic analysis demonstrated that GLBI is encoded by a 
single gene (22). In Southern blot analysis of maize DNA 
from the inbred line W64A (Glbl-L/L), pcGlblS hybridized 
to a single EcdRl fragment of 3.4 kb (Fig. 4, lane 1) as would 
be expected for a single gene since there are no £cc?RI sites 
within the clone. Gene copy-number reconstruction analysis 
confirms the presence of a single copy of Glbl per haploid 
genome (Fig. 4). An identically sized Glbl-spcdfic EcoRL 
fragment is present in DNA from plants homozygous for the 




Figure 4. Southern blot analysis of maize DMA from W64A j^V-L/ 
L) and Qfbl-OjO plants. The first two lanes each contained 5.3, Vig 
EccjRi-cieavGd DNA from either of the two genotypes, as in(flcqied. 
This amount of DNA corresponds to 1 x 10* haplord genomeS- 
copy-number reconstruction lanes contained EcoRI-cteavecl flNA 
from a Gmi-k genomic clone (our unpublished data) conre 
to 0.5 X 10*, 1 X 10*. 2 )t 10°, or 5 X 10^ copies of the i 
fragment, as indicated, The bloc was probed with the radio(db«(ed 
cONA insert from pcGlbiS. ' ■ 



> at 1/8/02 3:02:00 PM [Eastern Standard Time] 





iNO. 5251MP. 46/481 



CHARACTERIZATION OF THE MAIZE Glb1 GENE PRODUCT 



&41 



ull allele (Fig. 4, lane 2). This indicates xhat the lack of GLB I 
rotdn in the null is not due to simple deletion of the gene. 
\ addition, no differences in the hybridization pattern in 
iamHl and Hindlil digests were observed for the two fieno- 
^pes (data not shown). 

lorthem Blot Analysis of Noimal and G/b10/0 Embryos 

Embryos homozygous for the Gib] null allele lack detect- 
ble GLBl protein (22) and iran^atable Gib J mRNA as 
etermined by immunoprecipitation of in vitro translation 
.roducis (10). To determine if Glbl transcripts are present in 
Ubl null embryos, total RNA from Glbl-l/L and GlbI-0/ 
? embryos at 24 and 27 DAP was subjected to Northern blot 
nalysis in which the "P-labeled insert from pcGlblS was 
ised a* probe (Fig. 5). As expected, a single band in the GlbJ- 
VL samples exhibited strong hybridization with the probe 
Fig. 5, lanes I and 3). A faint band of slightly larger size was 
letectcd in the Glbl-0/0 samples at both 24 and 27 DAP 
Fig, 5, lanes 2 and 4), The apparent size of the transcript in 
'SlbJ-L/L embryos is 2.4 kb and that of the GlbI-0/O em- 
iryos is 2,5 kb. There was no detectable size difference 
^eiween transcripts from embryos of Glbl-L/L and Glbl-Sf 
i inbred lines, and only a single band was observed in RNA 
rom Glbl-L/S ^mbrfOS (data not shown). 

Oevelopnnental Accumulation and Seed-Specificity of 
3ml Transcripts 

The accumulation of Glbl transcripts during embryo de- 
velopment is depicted in Figure 6. Total RNA from Glbl-L/ 
L embryos at 18 to 42 DAP was subjected to Northern blot 
analysis in which the pcGlblS insert was used as radiolabeled 
probe. The level of Glbl-specific transcripts increased from 



DAP 



24 



27 



DAP 




Tigure 5, Northern Wot analysis of RMA from embryos of different 
Gmi 9©fy>types, Ten of lotai RNA from Otbl-L/L (W64A; lanes 1 
and 3) or Gltl-O/O (lanes 2 and 4) embryos at 24 or 27 DAP, as 
indicated, or i of polyadenylatod RNA from 27 DAP Gibl-S/S 
(Va26) embryos (A"), was subjected to Nortfiem tjlot analysis in which 
the pcbias insetl was used as probe. Positions of RNA size markers 
(BRL) are as indicated. 




Figure 6. Developmental accumulation of Glbl transcripts. Total 
RNA (10 ^g/iane) from developing Glbl-L/L embryos (18-42 DAP, 
as indicated) was subjected to Northern blot analysis In whfch the 
radiolatjeled pcGlbIS cDNA insert was used as probe. 

1 8 to 24 DAP, then decreased by 30 DAP. The 30 DAP level 
was maintained throu^ 42 DAP. 

Glbl expression was also investigated in plant tissues other 
than the embryo. Total RNA samples were obtained from 
Glbi-L/L embryos, endosperm, unfertilized eai^, immature 
tassels, and 7-d old seedlings. C7/*i-Specific transcripts were 
detected in the endosperm but at a lower level than that found 
in the embryo (Fig, 7. lanes 1 and 2). Glbl transcripts were 
not detected in any of the other tissues examined. Identical 
results wci« obtained when similar tissues from the Glbl-S/S 
inbred line were subjected to the same analysis (data not 
shown). 

DISCUSSION 

To further characterize the maize Glbl gene, which encodes 
an abundant protein in the embryo, wc have isolated and 
determined the nucleotide sequence of a cDNA clone, pc- 
GlblS, corresponding to this locus. Nucleotide sequence 
analysis of this 2009 bp clone reveals an open reading frarnc 
corresponding to 573 amino acids. The deduced amino acid 
sequence and composition are consistent with information 
obtained for CLBl-S (8). The nucleotide sequence contains 
consensus sequences for the initiator methionine and a 3' 
polyadcnylation sequence. The pcGlblS sequence has a high 
G+C content of 66%; similar high G+C contents have been 
observed for genes encoding other seed proteins (20). 

Sequence analysis indicates that the protein product of the 
Glbl gene appears to contain a signal sequence which suggests 
it may be transported through a membrane. Many seed stor- 
age proteins arc localized in protein bodies which require 
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Rsure 7. TisSuO speoifkaty of GIbl expresSiOrt In Glbl-L/L plants. 
Ten tig of total RNA from each t'ssue was subjected to Northern Wot 
analysis in which the radiolabeled pcGlbIS insert wa$ used as probe, 
M, 27 DAP embryos; N, 27DAP endosperm; S. 7-d old seedSnga; 
unfertilized ears; T, immature tassels. 

passage through the endoplasmic reticulum (24). The cellular 
location of the Gibl proteins remains lo be determined. 

Previous studies provided evidence for at least three co- 
and/or positranslational protein processing steps in the pro- 
duction of GLBI from the primary translation product of the 
Olbl gene (lO). The final processing step in GLBI synthesis 
is proteolytic cleavage of GLBI '. The nature of the two earlier 
processing steps has not been determined. The observation 
thai the in vitro translation product preprgGLB I ' is of a lower 
mol wt than proGLBl', the first processing intermediate 
detected in vivo (10), indicaira the involvement of protein 
modification processes. There is a potential N-linked glyco- 
sylation site of Asn-X-Ser/Thr (6) in the deduced amino acid 
sequence (Asn-Ile-Thr at nucleotide positions +1045 to 
+ 1053), although no direct evidence for such glycosylation 
has been obtained for GLBJ (8). 

We have examined Gib! expression in various plant tissues 
by Nonhem biot analysis. G/*^SpecifIC transcripts, dctccied 
only in seed tissues, were present at high levels in the embryo 
and at much lower levels in the endosperm. C/*/-Encoded 
proteins have also been detected in endosperm tissue by 
immunoblot analysis (JL Puckett, AL Kriz, unpublished 
data). In a developmental study, tb4Lamount of G/W-specific 
transcripts in the embryo increased from 18 to 24 DAP and 
declined slightly to reach a steady level which was maintained 
from 30 lo 42 DAP- GIbJ transcripts are present at reduced, 
bur significant, levels in embryos of dry mature seeds (our 
unpublished data), and it remains to be determined if this is 
due to continued transcription of the gene or to mRNA 
stability. This pattern of expression is quite different from 
thai observed for genes encoding prolamin storage proteins 
in maize endosperm (9) and globulin storage proteins in 
legume cotyledons (5), where the corresponding transcripts 
decline to extremely low levels during the later siages of seed 
development. Expression patterns similar to ihose described 



here for Glbl transcripts have been observed for traoscripts 
encoding a 7S globulin of wheat embryos (29). 

Glbl is apparently related to a gene encoding the 7S ^ob- 
uLin storage protein of wheat embryos. GLBI -Specific anti- 
bodies cross-react with a protein of approximate mol wt 
50,000 in mature wheat seeds (data not shown). We iwesumc 
this wheat protein to be the 7S globulin described by Quatrano 
et al (19). Computer comparisons of pcGlblS and a genomic 
clone corresponding to the wheat 7S globulin (RS Q^<i«fno> 
petwnal communication) indicate the presence of subsiaiitial 
similarities in both the DNA and amino acid sequences. The 
two clones exhibit similarity nucleotide homology, 65% 
amino acid identity) in two regions, corresponding to nucleo- 
tide positions +320 to +720 and +900 to +1110 in the 
pcGlblS sequence. Limited but significant amino add simi- 
larity was also detected between the pcGlb IS sequence and 
those of two other seed globulin storage proteins, pd^ violin 
(15) and French bean phaseoUn (25). Pea vicilin exhibi^%. 
and phaseohn 25%, amino acid identity in the two pdGlblS 
regions defmcd above. No cross-reactivity with GLBI-^pecific 
andscnim was observed in immunoblot analysis of pea or 
French bean seed protein extracts (data not shown). Detailed 
sequence comparisons of Gib I and genes encoding seed glob- 
ulins in other plants will be presented in a subsequent repctfL 

Southern blot analysis of DNA from plants homozygous 
for the Glbl'O allele reveals that the null phenotype is not 
due to deletion of the Glbl structural gene- From Northern 
blot analysis it is evident that transcripts from the null alldc 
do not accumulate to the same high levels as those of the 
functional alleles and that the Glbl-O transcripts are sUghtly 
larger than Glbi transcripts. Additional analysis of the null 
allele may provide insight into the mechanisms involved in 
transcriptional and/or posttranscriptional regulation of gcric 
expression in developing seeds. Wc have obtained genomic 
clones corresponding to Glbl-S, GlbJ-L and Glbl-O. and 
efforts arc underway to determine the nucleotide sequence 
differences between the functional and null alleles. 
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